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ABSTRACT
A p a r t i c u la te  enzyme p re p a ra tio n  from su sp e n sio n -c u ltu re d  bean
1 A(Phaseo lus v u lg a r i s ) was shown to in co rp o ra te  xylose from UDP-D-[U C]
_ 14 _
x y lo se , fucose  from GDP-D-LU CJfucose, and g lucose  from UDP-D-glucose, 
in to  p o ly sa c c h a r id e . The x y lo s y ltra n s fe ra s e  was dependent upon th e  
p resence  o f  UDP-glucose, and was s tim u la ted  and ap p a ren tly  p ro te c te d  
by GDP-glucose and GDP-mannose, though n e i th e r  was a b le  to  re p la c e  
UDP-glucose a s  a g ly c o sy l donor. The product o f  th e  re a c t io n  was 
id e n t i f ie d  a s  xyloglucan by a n a ly s is  o f  th e  p roducts  o f  enzyme b reak ­
down and a c id  h y d ro ly s is , and by a c e l lu lo s e  b inding  s tu d y . M olecular 
w eight d e te rm in a tio n  fo llow ing  p ro te in a se  K d ig e s t io n  in d ic a te d  th a t
th e  n a sc e n t xyloglucan i s  c lo se ly  a tta ch ed  to  p ro te in .  P re - in c u b a tio n
14o f  th e  enzyme w ith  UDP-glucose s tim u la ted  in co rp o ra ted  from UDP-D-[U C]
xy lose  su g g es tin g  th e  sim ultaneous presence o f  both n u c le o tid e s  i s  n o t
n ecessary  f o r  growth o f  th e  p o ly sacch a rid e . The fu c o s y ltra n s fe ra s e
was n o t dependent upon th e  presence o f  o th e r  sugar n u c le o t id e s , though
some s tim u la tio n  by UDP-galactose o c cu rred . Fucose was t r a n s f e r r e d  
14from GDP-D-[U C] fucose in to  a p o ly saccharide  w ith  th e  c h a r a c te r i s t i c s
o f  x y lo g lu can , a s  in d ic a te d  by enzyme and ac id  h y d ro ly s is . T ra n s fe r
14o f  g lu co se  from UDP-D-[U C] g lucose showed no s tim u la tio n  by UDP-xylose 
and was s l i g h t ly  in h ib i te d  a t  h igher co n ce n tra tio n s  o f  UDP-xylose.
The product o f  th e  t r a n s f e r  was su sc e p tib le  to  1-3 g lu canase  d ig e s t io n  
and d id  n o t show enzyme h y d ro ly s is  p ro ducts  c h a r a c te r i s t i c  o f x y lo g lu can .
The a c t i v i t i e s  o f th e  t ra n s fe ra s e  enzymes were examined in
d i f f e r e n t i a t i n g  bean c a l lu s e s .  Phloem d i f f e r e n t ia t io n  may be 
in d ic a te d  by a peak in  1-3 g lucanase a c t i v i ty  16 days a f t e r  t r a n s f e r  
o f a c a l lu s  onto an " in d u c tio n "  medium.
A c t iv i t i e s  o f x y lo s y l-  and fu c o s y ltra n s fe ra s e s  showed l i t t l e  
v a r ia t io n  between n o n -d if f e re n t ia t in g  and "induced" c a l lu s e s .
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Chapter 1
INTRODUCTION
2General In tro d u c tio n
The developm ent of a s o p h is t ic a te d  p la n t c e l l  w all has been of 
profound s ig n if ic a n c e  to  th e  ev o lu tio n  and l i f e  of most organism s cn 
cu r p la n e t .  In  th e  e u k a ry o tic  c e l l  i t  has allow ed th e  developm ent o f 
complex i n t r a c e l l u l a r  o rg a n isa tio n  w ith  an i n t r i c a t e  system of 
membranous compartments, p e rm ittin g  a d iv is io n  of lab o u r which has 
played a m ajor ro le  in  th e  r e f in in g  of p h o to sy n th esis , r e s p i r a t io n  and 
ab so rp tio n  p ro cesses  (B a rtn ic k i-G a rc ia , 1984). The v e r s a t i l e  c e l l  w all 
co n fe rs  su p p o rt upon ncn-woody t i s s u e  by a llow ing  th e  developm ent o f 
high' tu rg o r  p re ssu re  in  th e  c e l l s ,  and upon woody t i s s u e  by the  
th ic k e n in g  and l i g n i f i c a t i o n  of the  schlerenchyma and tra c h e a ry  
elem ents. The w a ll has a p ro te c tiv e  fu n c tio n , p rev en tin g  in ju ry  to  
th e  p ro to p la s t  by a b ra s io n , d e s i c c a t i o n  , or m ic ro b ia l a t t a c k .  I t  can 
a ls o  fu n c tio n  a s  a food s to re ,  and may be involved  in  re c o g n itio n  
phenomena.
D esp ite  th e  p roposal o f v a rio u s  models fo r  both  th e  s t r u c tu r e  and 
b io sy n th e s is  of c e l l  w a lls , our knowledge o f th e se  a re a s  i s  s u rp r is in g ly  
lim ite d , e s p e c ia l ly  in  th e  l ig h t  o f th e  obvious im portance o f th i s  
s t ru c tu re .
S tru c tu re  o f th e  C e ll Wall
The p resence  o f a c e l l  w a ll en c lo sin g  th e  p ro to p la s t  i s  a 
d is t in c t iv e  c h a r a c te r i s t i c  o f  p la n t c e l l s .  Although the  w a ll  i t s e l f
i s  non -p ro to p lasm ic , i t  i s  by no means i n e r t , and undergoes many 
s t r u c tu r a l  changes in  th e  developm ent o f  th e  c e l l .  I t  i s  s i tu a te d  
o u ts id e  th e  plasmalemma, and c o n s is ts  o f  a framework made up o f  
c e l lu lo s e  m ic r o f ib r i l s  embedded in  a complex m a trix  o f  p o ly sac c h a rid e , 
p ro te in  and g ly c o p ro te in . The re p o rte d  p ro p o r tio n s  o f  w a ll components 
vary  depending on p la n t s p e c ie s ,  t i s s u e  age, e x tra c t io n  and a n a ly t ic a l  
methods employed, e t c .  Roelofson (1959) estim ated  th a t  a ty p ic a l  
prim ary w all con tained  one th i r d  c e l lu lo s e ,  one th i r d  h em ice llu lo se  
and one th i r d  p e c tin  and p ro te in .  More r e c e n t ly  su sp en sio n -cu ltu red  
Douglas F i r  c e l l s  have been estim ated  to co n ta in  15% p e c tic  m a te r ia l ,
10$ xy log lucan , 1$ x y lan , 23$ c e l lu lo s e ,  34$ p ro te in  and 5$ ash  
(Thomas a t  al_ 1987) .
P a r t i c u la r  a t te n t io n  has been paid to  th e  r o le  o f th e  c e l l  w all 
in  growth and developm ent, and the changes th a t  o ccu r a f t e r  c e l l  
d iv is io n  w e ll i l l u s t r a t e  th e  dynamic n a tu re  o f  th e  w a ll .  J u s t  a f t e r  
n u c lea r d iv is io n  a mass o f  cytoplasm ic v e s ic le s  fu se  to  form the c e l l  
p la te ,  a th in  d isk  which becomes en larged  by a d d itio n  o f  v e s ic le s  
u n t i l  th e  s id e  w a lls  o f  th e  d iv id in g  c e l l s  a re  reached (A lbersheim , 1965) . 
As th e  c e l l  p la te  r a p id ly  becomes more s u b s ta n t ia l ,  i t  develops in to  
"prim ary '1 c e l l  w a l l ,  defined  by Wardrop (1962) a s  t h a t  s t ru c tu re  which 
en c lo ses  th e  p ro to p la s ts  du ring  th e  p e riod  o f  c e l l  en largem ent.
Around 20$ o f  th e  prim ary c e l l  w a ll volume i s  made up o f  m ic r o f ib r i l s  -  
g lucan  ch a in s  packed in  ag g reg a tes  w ith  a d e f in i t e  s t r u c tu r e .  These 
have a p a r a l l e l  a r ra y ,  i n i t i a l l y  p e rp en d icu la r to th e  main a x is  o f  th e  
p la n t ,  b u t changing to  a lo n g itu d in a l o r ie n ta t io n  w ith  w a ll expansion 
(Albersheim , 1965) .
4With c e s sa tio n  o f grow th, the  c e l l  w all o ften  becomes th ickened  
by la y e r in g  of m a te r ia l onto th e  prim ary w a ll, and by th i s  p rocess th e  
"secondary’' w all i s  b u i l t  up. Secondary w a lls  a re  much th ic k e r  than 
prim ary w ith  g re a t ly  in c re ase d  amounts of c e l lu lo s e  and l ig n in  -  a 
complex, c ro s s - l in k e d  m olecule composed o f phenylpropanoid  u n i t s .  
L ig n if ic a t io n  sp reads from th e  m iddle la m e lla  tow ards th e  c e l l  membrane. 
The m ic r o f ib r i l s  in  secondary w a lls  form la y e rs  o f p a r a l l e l  bundles, 
each la y e r  vary ing  by a p re c ise  ang le  from th e la y e rs  nex t to  i t  
(A lbersheim , 1965).
D if f e re n t ia t io n  in to  more s p e c ia lis e d  c e l l  ty p es  can in v o lv e  th e  
development o f c h a r a c te r i s t i c  w a ll s t r u c tu r e s :  in  tra c h e id s  s p i r a l
th ic k e n in g s  occur i . e .  bundles of c e l lu lo s e  m ic r o f ib r i l s  which may 
occur on one o r both  s id e s  o f th e  m iddle la m e lla  w ith  the  m ic r o f ib r i l s  
p a r a l le l  t o  th e  a x is  o f th e  s p i r a l s .
Thus w hile  th e  prim ary w all i s  s u f f i c i e n t ly  e x te n s ib le  to  a llow  
c e l l  ex ten sio n  and rap id  growth, th e  th ickened  secondary w all g iv e s  th e  
c e l l  i t s  f in a l  shape and forms th e  b a s is  o f th e  p la n ts  m echanical su p p o rt.
The Components o f th e  C ell Wall
1) The P o ly sacch arid es
The o r ig in a l  c la s s i f i c a t io n  o f  p o ly sacch arid es  d iv ided  them in to  
th re e  groups: p e c t ic  p o ly sacch a rid es , h em ice llu lo se s  and c e l lu lo s e ,
where a l l  p o ly saccharides e x tra c te d  by hot, w ater, ammonium o x a la te , 
weak a c id  o r c h e la tin g  ag en ts  were p e c tic  p o ly sacch a rid es , p o ly sacch a rid es
5e x tra c te d  by r e l a t iv e ly  s tro n g  a l k a l i  were hemice11u lo ses  and th e  
re s id u e  was m ostly  c e l lu lo s e .  A lthough t h i s  c l a s s i f i c a t i o n  i s  
reaso n ab ly  a c c u ra te ,  incom plete and o v erlap p in g  e x tra c t io n  le a d s  to  
co n fu sio n , and c u rre n tly  p e c t ic  p o ly sacch a rid es  a re  considered  to  be 
th o se  found in  co v a len t a s s o c ia t io n  w ith  g a lac tu ro n o sy 1 -co n ta in in g  
p o ly sa c c h a r id e s , w hile  h em ice llu lo se s  a re  those  p o ly sacch a rid es  
found in  n o n -co v a len t a s s o c ia t io n  w ith  c e l lu lo s e .
The p e c tin s  co n ta in  g a la c tu ro n ic  a c id ,  L -a rab in o se , D -galactose  
and L-rhamnose, and e x h ib it  g e l - l ik e  behav iou r. They inc lu d e  
rham nogalacturonans, a rab in an s  and a ra b in o g a la c ta n s . H em icellu loses 
co n ta in  D -xylose, D -glucose, D-mannose and D -glucuronic ac id  and inc lude  
x y lan s , gluoomannans, c e r ta in  g lu can s  and x y lo g lu can s. C e llu lo se  
i s  90% g lu co se , w ith  o th e r  sugar u n i t s  o f te n  p re s e n t .
i . Rhamnogalacturonan
This ac id  po lysaccharide  c o n s is ts  o f  an «< (1-4) lin k ed  g a lac tu ro n an  
chain in  which 2 -lin k ed  L^rhamnosyl re s id u e s  a re  in te rs p e rse d
c o n fe rr in g  a c h a r a c te r i s t ic  z ig -z ag  shape on th e  m o lecu le . In
sycamore su sp en s io n -cu ltu re  c e l l s  s u b s ta n t ia l  numbers o f  a ra b in o sy l 
and g a la c to s y l  re s id u e s  a re  p re s e n t  in  s id e  c h a in s . The rham nose- 
co n ta in in g  p o rtio n s  o f  th e  m olecule a re  in te rs p e rs e d  w ith  a homo- 
g a lac tu ro n an  sequence w ith  4 -lin k ed  g a la c tu ro n ic  ac id  (McNeil e t  a l , 1979)*
Homogalacturonan reg io n s  may make up about 5% o f  th e  t o t a l  c e l l  w a ll in
sycamore c e l l s  (Talmadge e t  a l ,  1973).
R ecently  two ty p es^ o f rham nogalacturonan have been d e fin e d :
rham nogalacturonan I  has a rhamnose and g a la c tu ro n ic  ac id  backbone 
and a DP o f abcut 2 ,000 . In  sycamore su sp en sio n -cu ltu red  c e l l s  i t  
co n ta in s  g a la c tu ro n ic  a c id , a rab in o se  and g a la c to se  in  th e  r a t i o  
1 :2 :1 .5 :1 .5 . Rhamnogalacturonan I I ,  a ls o  is o la te d  frcm sycamore 
su sp e n sio n -c u ltu re d  c e l l s ,  co n ta in s  rhamnose, g a la c tu ro n ic  a c id , a rab in o se  
and g a la c to se , a long  w ith  o th e r  sugars  (D a rv ill e t  a l ,  1978). The 
m olecule i s  h ig h ly  branched w ith  no backbone, and th e  p re c ise  s t ru c tu re  
has y e t to  be e lu c id a te d .
i i . A rabinan.
Prim ary c e l l  w a lls  con ta in  polymers th a t  a re  pure a ra b in an s , the  
dominant c o n s t i tu e n ts  being 5 -lin k ed  -L -a rab in o fb ran o sy l re s id u e s .
Some o f th e  5 - l in k e d  c*,-L-arabinof\iranosyl re s id u e s  have oC -L -arab ino - 
fU ranosyl re s id u e s  a tta c h e d  to  them a t  0-2 o r 0 -3 , and sometimes a t  
bo th  0-2 and 0 -3 . The p o in t o f attachm ent o f th e  a rab in an s  to  o th e r 
c e l l  w all p o ly sacch arid es  in  s i t u  has n o t y e t been a sc e r ta in e d  
(McNeil e t  a l ,  1984).
i i i .  A rab inogalac tans
These a re  p o ly sacch arid es  co n ta in in g  ^ (1—4) lin k e d  D -galactan  
chains w ith  L -arab ino fu ranose  re s id u e s . A rabinogalactan  i s  o f two 
ty p e s : -  an example o f  type I  i s  frcm soybean, and i s  found in  
a s s o c ia tio n  w ith  a rham nogalacturonan which co n ta in s  ^ -D -g a lac tan  u n i t s  
in  s id ec h a in s . Type I I  a rab in o g a la c ta n s  a re  h ig h ly  branched poly­
sacch arid es  w ith ram ified  chains o f  JB-D-galactopyranose re s id u e s  
jo in e d  by 1-3 and 1-6 l in k a g e s . They a re  most abundant in  
gymnosperms, e sp e c ia lly  la rc h e s  (A sp in a ll, 1980).
iv .  Xylans
Xylans a re  a l l  (1 -  4)-£ -D -g lycans w ith few branch p o in ts  in  th e  
main c h a in s . They have a DP o f 150-200 and have a ra b in o se , g lu cu ro n ic  
ac id  and a c e ty l  groups. In  angiosperm s g lucuronoxylans a re  th e  main 
xylan grcup , w hile  in  monocot primary w a lls  a rab in o x y lan s  predom inate, 
and have a two o r th r e e - fo ld  screw a x is .  The secondary w all xy lans 
d i f f e r  amongst them selves in  th e  n a tu re  o f s id e  chains g ly c o s id ic a l ly  
lin k e d  to  th e  xylan backbone. Most f re q u e n tly  a te rm in a l 4 -0 - 
methyl g lucuronosy l re s id u e  i s  lin k e d  to  one in  every 7-10 x y lo sy l 
re s id u e s  (N orthco te , 1972).
Two g lucoxy lans have been is o la te d  frcm sugar maple sapwood in  
which 4 -lin k ed  g lu co sy l residues a re  in te rs p e r s e d  w ith  4 -lin k ed  
xy lo sy l re s id u e s  in  th e  xylan backbone. A l i n e a r  unbranched xylan 
has been i s o la te d  from tobacco s ta lk s  (Eda et_ al_, 1976), and a prim ary 
w all glucuronoxylan has been e s ta b lis h e d  as  a  c o n s t i tu e n t  of susp en sio n - 
cu ltu re d  sycamore c e l l s  (forming 5% o f  th e  w a ll) , which co n ta in s  
te rm in a l, 4 - , 2, 4 - , and 3, 4 -lin k ed  xy lo sy l re s id u e s  (D a rv ill  e t  a l ,  
1980). I t  a ls o  c o n ta in s  te rm in a l and 2 -lin k ed  a rab in o fu ran o sy l 
re s id u e s , te rm in a l 4-0-m ethyl g lucuronosyl and te rm in a l g lucuronosy l 
re s id u e s .
v . Glucomannans
Glucomannans have a l in e a r  chain  o f  £ (1 -4 ) lin k e d  g lucose  and 
mannose which a re  randomly a rran g ed , and form about 3-5/6 o f th e  t o t a l  
c e l l  w all m a te r ia l  in  angiosperms (T im ell, 1964). The g lucose  and 
mannose a r e .p re s e n t  in  th e  r a t io  1 :2 , w ith a DP o f  about 70, and th e
ch ains have a 2 - fo ld  screw  a x is  s im ila r  to  c e l lu lo s e .
v i . Galactoglucomannans
These a re  m ajor c e l l  w all components (2—15%) o f  gymnosperms 
w ith  D -glucose and D-mannose i n  th e  approxim ate r a t i o  1 :3 . In 
deciduous woods glucomannans devoid o f  g a la c to se  re s id u e s  w ith  g lucose  
and mannose in  th e  r a t i o  1:2 occu r, making up l e s s  than 3% o f  w all 
components (A sp in a ll, 1980).
v i i . '  N o n -c e llu lo s ic  g lucans
Chains o f  ^3(1 -  3) l in k e d  D -glucose o r " c a llo se "  w ith  1.9/6 
u ro n ic  a c id  a re  found in  phloem se iv e  tubes and po llen  tu b e s , and 
th e  rap id  d e p o s it io n  o f  c a l lo s e  onto the  c e l l  w all c o n tr ib u te s  to  c e l l  
and t i s s u e  s e a lin g  a s  w ell a s  being  a defence a g a in s t  pathogens 
(Kauss, 1986).
Mixed £ -g lu c a n s  c o n ta in in g  a m ix ture  o f  4 -lin k ed  and 3 -lin k ed  
g lucosy l re s id u e s  have been i s o la te d  frcm ry e , o a t and b a rle y  endosperm 
(D a rv ill e t  a l ,  1980). A g lucan  has a lso  been is o la te d  from th re e  
day old mung bean hypoco ty ls c o n ta in in g  3 -lin k ed  and 4 -lin k ed  
g lucopyranosyl re s id u e s  in  th e  m olar r a t i o  1 :1 .7 , which may have 
e x is te d  in  th e  prim ary o r  secondary w all (Buchala & Franz, 1974).
v i i i . C e llu lo se
C e llu lo se  i s  probably th e  most s tu d ied  c e l l  w all polymer, and 
th e  most abundant in  n a tu re . U sually  more than  90J6 i s  made up o f  
g lu co se , w ith  o th e r  sugars p re sen t a l s o .  The glucan p o rtio n  i s  
composed o f  lo n g , l i n e a r  ch a in s  o f  £ (1  -  4) l in k e d  glucopyranose u n i t s
w ith  a DP though t to  be up to  a t  l e a s t  15,000 u n i t s  in  h ig h er p la n ts  
(P re s to n , 1974). There a re  no apparen t te rm in a tio n  p o in ts , and i t  i s  
n o t known w hether th e  chain s have a p a r a l le l  o r ie n ta t io n  a s  in  a lg a l 
c e l l s  (Gardner & B lackw ell, 1974), o r a n t ip a r a l l e l  a s  in  c h i t in  
(Meyer & Misch, 1937). The r e la t iv e ly  r ig i d  l i n e a r  m olecules a lig n  
c lo se ly  w ith  t h e i r  ne ig h b o u rs , and a re  bound to g e th e r  by ex ten s iv e  
hydrogen bonding in  o r ie n ta te d  ag g reg a tes  w ith  a d e f in i te  s t r u c tu r e ,  
c a lle d  m ic r o f ib r i l s .  M ic ro f lb r i l s  a re  composed o f  60-70 chains which 
a re  v i s ib le  under th e  e le c tro n  m icroscope. In  secondary w a lls  rope­
l i k e  ag g reg a tes  15-25nm in  w idth  a re  formed. They a re  probably  
sep a ra ted  from th e i r  n e a re s t  neighbours by 50-1OOnm, a t  l e a s t  2-4 
tim es t h e i r  own d iam eter, and th e  space between them i s  f i l l e d  by 
hydra ted  en c ru s tin g  m a te r ia ls  o f  v a rio u s  k in d s , in c lu d in g  h em ice llu lo se s  
and l ig n in  (P resto n , 1974).
ix .  Xyloglucan
Xyloglucan i s  th e  b e s t c h a ra c te r is e d  n o n c e llu lo s ic  po ly sacch arid e  
o f  prim ary c e l l  w a lls . I t  was f i r s t  d esc rib ed  as an "am yloid” 
component o f  seed s , a s  i t  forms th e  same coloured  complex w ith  io d in e  
a s  s ta rc h  (amylose) (Vogel & S ch le iden , 1838). I t  was shown to  be 
composed o f  g lu co se , x y lose  and g a la c to se  in  th e  r a t i o  3 :2 :1  (K rishna 
& Ghose, 1942, 1943), and m ethy la tion  s tu d ie s  by White and Rao (1953) 
suggested  a main chain  o f  1 ,4 -lin k ed  g lu co se  re s id u e s  w ith  s id e  chain s 
o f  g a la c to se , and 1 ,2 - lin k e d  xylose re s id u e s . Kooiman (1960) used a 
crude commercial enzyme mix c a lle d  'Luizym ’ to  hydro lyse  Tamarindus 
in d ic a  xyloglucan , and recovered  alm ost a l l  th e  xy losy l re s id u e s  a s  
xyl(c^-l-6) g lu co se  . By m ethy la tion  a n a ly s is  he e s ta b lis h e d  th a t  th e
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xy losy l re s id u e s  were a tta c h e d  to  C-6 o f th e  g lu co se .
The m olecu lar w eights recorded  fo r  xy log lucans vary  co n sid e rab ly  
depending on th e  p la n t source and th e  method of i s o la t io n :  sycamore
c e l l  c u ltu re  xyloglucan  has been e stim ated  a t  7 ,600 , about 50 g lu co sy l 
residues (Bauer e t  a l ,  1973), w hile Simmondsia ch inensis, and Annona 
m u rica ta  xylog lucans have m o lecu lar w eigh ts of 174,000 and 10,000 
re s p e c tiv e ly  (Watanabe e t  a l ,  1980; Kooiman, 1967). The m ajor 
d if fe re n c e s  between xy loglucans have been h ig h lig h te d  by m eth y la tio n  
a n a ly s is  and r e s u l t  frcm th e  presence o r absence o f fu co sy l re s id u e s  
which a re  a tta c h e d  to  C-2 of th e  m a jo rity  of o therw ise  te rm in a l 
g a la c to s y l re s id u e s . M ethylation a n a ly s is  of fragm ents fo llow ing  
p a r t i a l  a c id  h y d ro ly s is  or a c e to ly s is  of xy log lucans frcm v a rio u s  
p la n ts  has a l s o  shown th a t  g a la c to s y l re s id u e s  a re  lin k ed  through a 
^ - g a la c to s id ic  bond to  C-2 o f th e  x y lo sy l re s id u e s  (D a rv ill e t  a l ,  1980).
In  re c e n t y e a rs , the  xyloglucans from s e v e ra l  p la n t sou rces have 
been a n a ly s e d :-  Kato and Matsuda (1976) s tu d ie d  xy log lucans frcm the  
h e m ic e llu lo s ic  f r a c t io n s  of Phaseolus au reus hypocoty l w all p re p a ra t io n s . 
The p o ly sacch arid es  were hcmogenous on e le c tro p h o re s is  and u l t r a -  
c e n tr i fb g a t io n , and on ac id  h y d ro ly s is  gave g lu co se , x y lo se , g a la c to se  
and fucose in  the  r a t i o  1 0 :7 :2 .5 :1 . R esu lts  frcm p a r t i a l  a c id  h y d ro ly s is  
suggested  a s t r u c tu r e  in  which x y lose , g a la c to se  and fucose were 
a tta c h e d  to  a sequence of p ,  1-4 - lin k e d  g lu co se . The xyloglucan 
accounted fo r  13.9% of the  t o t a l  n o n -c e llu lo s ic  f r a c t io n s .  In  a l a t e r  
paper (Kato e t  a l ,  1977) xyloglucans frcm G lycine max, and Vigna 
se sq u ip e d a lis  hypocoty ls were compared w ith  th o se  from Phaseolus a u re u s .
A nalysis  by c e l lu la s e  fragm enta tion  gave a b a s ic  s t r u c tu r e  based on 
two re p e a tin g , o lig o sacch a rid e  u n i t s ,  one c o n s is t in g  of g lucose  and 
x y lose , th e  o th e r o f g lucose , xy lo se , g a la c to se  and fu co se .
O 'N e ill  and Selvendran (1983) have shown th a t  xyloglucan  is o la te d  
frcm Phaseo lus coccineus has a  1 -  4-Ji-D-glucan backbone w ith  L -fu c o sy l 
s id e  groups a tta c h e d  to  th e  g a la c to s y l  re s id u e s . The p ro p o rtio n s  of 
sugars  in  t h i s  polymer a re  46.4$ D -glucose, 9 .3$  D -g a lac to se , 34.1$ 
D -xylose, 6$ L -fucose  and 4.2$ a ra b in o se . In  a l a t e r  paper, O 'N e ill  
and Selvendran (1986) suggested  th a t  t h i s  xy log lucan  does n o t po ssess  
a sim ple re p e a tin g  u n i t ,  bu t more probably  c o n ta in s  a  b lo ck -ty p e  
s t r u c tu r e .
While xyloglucans a re  m ainly c o n s t i tu e n ts  o f prim ary c e l l  w a lls  
o f d ic o ts ,  xy log lucan -type  polymers have re c e n t ly  been found a s  m inor 
c o n s t i tu e n ts  of monocot c e l l  w a lls  (Shibuya & M isaki, 1978). They a re  
a ls o  found in  th e  r o le  o f co ty ledonary  re se rv e  p o ly sacch a rid es , p re s e n t 
in  many nonendospermic leguminous sp e c ie s  a s  m assive w a ll th ic k e n in g s  
(Reid, 1985). Most leguminous sp e c ie s  c o n ta in in g  re se rv e  xy log lucans 
belong to  th e  sub-fam ily  C aesa lp in io id eae , b u t a few sp ec ie s  in  th e  
Faboideae a ls o  co n ta in  xy log lucan . They a re  a l s o  p re se n t in  th e  
seeds of many ncn-legum inous s p e c ie s . In  n as tu rtiu m  seeds th e  
xyloglucan i s  broken down fo llow ing  g erm ina tion , by a h y d ro ly tic  p ro cess  
in v o lv in g  th re e  enzymes, cne o f which has a very  h igh  degree of 
s p e c i f i c i ty  (Edwards e t  a l ,  1986). Reserve xylog lucans do n o t 
g e n e ra lly  co n ta in  fu c o se .
2) O ther Wall Components
L iv in g  prim ary w a lls  o f p la n ts  a re  hydra ted  and a re  l ik e ly  to  
con ta in  between 60 and 70$ o f th e i r  w eight a s  w a te r . The dry m a tte r  
c o n s is ts  o f th e  p o ly sacch arid es  d e sc rib ed  above, p lu s  sm a lle r amounts 
o f pheno ls, p ro te in , l ip id  and o th e r compounds such a s  ta n n in s .
M ineral s a l t s  a re  d ep o sited  to  v a ry in g  e x te n ts  in  w a lls .
i .  L ignin
L ignin i s  an in s o lu b le , a rom atic  high m o lecu lar w eight compound, 
made up of many c ro s s - lin k e d  phenylpropanoid u n i t s .  I t  i s  de riv ed  by 
th e  enzym atic dehydrogenation and subsequent po ly m erisa tio n  of 
ccum aryl, s in a p y l and c o n ife ry l  a lc o h o ls  (N eish, 1965). The 
p ro p o rtio n s  vary in  d i f f e r e n t  p la n ts  e .g .  c o n ife ry l  u n i ts  a re  found in  
both  s o f t  and hard woods, w hile  s in a p y l u n i t s  a re  confined  t o  hard woods. 
L ignin  can form up to  50$ o f th e  dry  w eight in  secondary w a lls  (S tace , 
1970).
i i .  G lycoprotein
The prim ary w a lls  o f seme d ico ty led en o u s p la n ts  co n ta in  a unique 
h y d ro x y p ro lin e -rich  g ly c o p ro te in . Around 2-10$ of th e  w a lls  a re  
g ly c o p ro te in  in  which up to  20$ of th e  amino a c id  i s  hydroxypro line  
(Lamport, 1970). The p o ly sacch arid e  p o r tio n  o f  th e  m olecule co n ta in s  
a rab in o se  and g a lac to se  (N orthcote , 1969). In  tom ato and c a r r o t  c e l l s  
g a la c to s y l  re s id u es  a re  a tta c h e d  to  th e  p ep tid e  through o -g ly c o s id ic  
lin k ag es  to  th e  amino ac id  s e r in e  (Lamport e t  a l ,  1973).
The le v e l  of h y d ro x y p ro lin e -ric h  g ly c o p ro te in  (HRGP) in  p la n ts  i s  
in c reased  under s t r e s s  c o n d itio n s , p a r t i c u la r ly  pathogenic  a t ta c k ,  e .g .
a le v e l  o f 1$ in  h e a lth y  p la n ts  can in c re a se  to  10-15$ in  in fe c te d  
p la n ts  (Mazau e t  a l , 1986). Two fa m ilie s  o f HRGPs have been id e n t i f i e d  
in  melon c a l lu s  and s e e d lin g s : HRGPi i s  an a rab in o g a lac tan  p ro te in
composed of 94$ sugars and 6$ p ro te in ;  the  sugar m oiety c o n ta in s  66$ 
g a la c to se  and 34$ a ra b in o se , in  the  p ro te in  m oiety hydroxypro line , 
s e r in e ,  a la n in e  and g ly c in e  a re  th e  most abundant amino a c id  re s id u e s , 
accounting  f o r  45, 12, 10 and 7$ re s p e c tiv e ly ; in  HRGPii su g ars  make 
up 64$ and p ro te in  36$; a ra b in o se , g a la c to se  and g lucose  a re  p re sen t 
a t  77, 22 and 1$, and th e  p ro te in  m oiety i s  made up o f 39$ h y d ro x y p ro l in e ,  
15$ ly c in e  and 7$ ty ro s in e  (Mazau et^al^, 1986).
i i i .  P ro te c tiv e  coverings o f  th e  w all
T!he c u te r  w a lls  o f  epiderm al c e l l s  and a e r i a l  organs a re  covered 
w ith  a  p ro te c tiv e  film  o f wax and c u t in .  Wax o v e rlay s  th e  c u tin  and 
th e  l i p i d  o f c u tin  p e n e tra te s  and m ingles w ith  th e  p o ly sacch arid es  o f 
th e  w a ll. Waxes a re  a complex m ix ture  o f  long  chain a lk an e s , a lc o h o ls , 
ke tones and f a t ty  a c id s .  A lcohols and f a t t y  a c id s  occur a s  lo n g  chain  
e s te r s  o r a re  found uncombined (M artin & Ju n ip e r , 197C) .
Comparison o f  Monocot and P ic o t Walls
Although co m p o sitio n a lly  d is s im ila r ,  th e  prim ary w a lls  o f  d ic o ts  
and monocots a re  probably a rranged  on a s im ila r  a r c h i te c tu r a l  p lan  
i . e .  c e l lu lo s e  f ib r e s  in te rc o n n ec te d  by h e m ic e llu lo se s , g ly c o p ro te in s  
and p e c tic  p o ly sac c h a rid e s . The h em ice llu lo se  xyloglucan may accoun t 
fo r  up to  35$ o f  th e  po lysaccharide in  d ic o t  prim ary w a lls , b u t makes
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up le s s  th a n  2% o f  monocot w a lls  where the  dom inant h em ice llu lo se  i s  
a rab inoxy lan  (D a rv ill e t  a l ,  1980). D icot prim ary w a lls  may co n ta in  
more than  20% p e c t ic  p o ly sacch a rid es  (Worth, 1967) but many mono co t 
prim ary w a lls  co n ta in  l e s s  than  1056 e .g .  o a t  c o le o p t i le s  2% (Ray & 
R o ttenberg , 1964), maize 6% (D a rv ill , 1976). L evels o f hydroxypro line  
In w a ll g ly c o p ro te in  a l s o  d i f f e r :  monocot su sp e n sicn -cu ltu red  c e l l
w a lls  co n ta in  0 .1 3 -0 .1 6 ^  whereas d ic o t su sp en sio n -cu ltu red  c e l l s  
con ta in  around 256 (Burke a t  a l , 1974) .
D iffe re n c es  a re  a lso  found between angiosperm s and gymnosperms, 
e .g .  xy lans form th e  bulk o f  hem ice llu lo se  in  angiosperm s w hile  
galacto-glucom annans a re  th e  most abundant h em icellu lo se  in  gymnosperms. 
I t  i s  c le a r  th a t  f u r th e r  d if f e re n c e s  between p la n ts  w i l l  emerge as  
more p la n t c e l l  w a lls  a re  a n a ly se d .
Changes in  Components During Growth
D iffe re n t t i s s u e s  can vary markedly in  th e  com position a s  w e ll a s  
th e  a r c h i te c tu r e  of t h e i r  c e l l s .  C o n sis ten t tre n d s  a re  however 
e v id e n t th roughou t grow th and d i f f e r e n t i a t i o n : -  th e  main p o ly sacch a rid e  
in  th e  c e l l  p la te  i s  p robab ly  rham nogalacturonan, though even a t  t h i s  
s tag e  some c e l lu lo s e  i s  in co rp o ra ted  in to  th e  w a lls ,  which u s u a lly  
show a weak b u t p o s i t iv e  b ire fr in g e n c e  when viewed under p o la r iz in g  
l i g h t  (R oelofson, 1959). Rhamnogalacturonans con tinue to  be d e p o sited  
during  prim ary  w all fo rm atio n , b u t w ith  in c re a s in g  d ep o sitio n  o f  
prim ary w a ll th e  r a t i o  o f  n e u tra l  to  a c id ic  p e c t ic  su b stan ces  in c re a s e s  * 
and th e  le s s  a c id ic  a ra b in o g a la c ta n s  ap p ea r.
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At th e  n ex t developm ental s ta g e ,  d e p o s it io n  o f  h em ice llu lo se  
commences, and c e l lu lo s e  m ic r o f ib r i l s  a re  la id  down in  in c re a s in g  
amounts r e l a t i v e  to th e  p e c t ic  su b s ta n c es . The k inked , i r r e g u la r  
shape o f  rham nogalacturonan m olecu les, and th e  branched arrangem ent o f  
th e  h y d ro p h ilic  a ra b in o g a la c ta n  m olecules p re v e n ts  e x ten s iv e  i n t e r -  
m olecu lar bonding, and a llo w s a la rg e  amount o f  w ater to  e n te r  th e  
i n t e r s t i c e s  o f the  polym ers (Rees, 1972) .
As the  p rim ary  w a ll approaches m a tu r ity  and th e  r a t e  o f c e l l  
enlargem ent d ec rea se s , th e  w ater c o n ten t and m a trix  p l a s t i c i t y  
d ec rease  and ex ten s io n  i s  a r r e s t e d .  In c re a s in g  amounts o f  hydroxy­
p ro l in e  r i c h  p ro te in  a re  in co rp o ra ted  in to  th e  w a l l ,  which by analogy 
w ith  c o lla g e n , may be a s t i f f e n in g  elem ent (Ramachandran, 1967).
With ageing  th e  r a t i o  o f  glueomannan to xyloglucan in  th e  h em ice llu lo se  
f r a c t io n  in c re a s e s , bu t th e  o v e ra ll  p ro p o r tio n  o f h em ice llu lo se  
d ep o sited  d ec rea se s  a s  th e  p ro p o rtio n  o f  c e l lu lo s e  in c re a se s  (N orthco te , 
1963). The c e l lu lo s e  m ic r o f ib r i l s  have a lo n g itu d in a l o r ie n ta t io n  
in  secondary w a lls , r a th e r  th an  th e  tra n s v e rse  o r ie n ta t io n  th ey  have 
in  prim ary w a l ls .  In  some secondary w a lls ,  r i g i d i f i c a t i o n  i s  com pleted 
by th e  rep lacem ent o f  th e  w ater in  th e  m a tr ix  by l ig n in .  Subsequent 
m o d if ic a tio n s  lead to  th e  d i f f e r e n t i a t io n  o f  p a r t i c u l a r  c e l l ,  ty p es: 
xylem v e s s e l  elem ents fo r  example a r e  e longated  c e l l s  w ith  secondary 
s id e  w a lls  in  which secondary th ic k e n in g  o f te n  only p a r t i a l l y  covers  
th e  prim ary  w a ll .
A comparison o f young and m ature t i s s u e  of sunflow er p la n t s  i l l u s t r a t e s  
the change in  com position o f th e  components (F ig . 1 ) : -
Sunflower hypocoty l % Stem %
C ellu io se  38 42
P e c tin  46 14
H em icellu lose 8 24
L ignin 8 20
F ig . 1. Comparison o f  w a ll components in  young (hypocoty l) and
m ature (stem) sunflow er p la n ts  (Wareing & G a ls to n , 1962).
The main changes in  w all com position d u ring  monocot d i f f e r e n t i a ­
t io n  have been o u tlin e d  by C arp ita  (1986) who used m aize c o le o p t i le s  
a s  a  m odel:- a h ig h ly  s u b s t i tu te d  g luco ro n o -a rab in o x y lan  appears 
d u ring  c e l l  e lo n g a tio n ', w ith  te rm in a l o c -L -a rab in o fu ran o sy l and «< -D- 
g lu 'cosy lu ron ic  ac id  u n i t s ,  t h i s  i s  fo llow ed by c e s sa tio n  o f  th e  
sy n th e s is  o f linked  and branched a rab in o sy  1 -co n ta in in g  u n i t s ,  a la rg e  
n e t  sy n th e s is  of ^P-glucan, then  th e  g radual lo s s  o f a ra b in o sy l and 
g lu cu ro n o sy l lin k ag es  frcm most o f th e  g lu cu ronoarab inoxy lan  o f  th e  
prim ary w a ll .
Bonds and In te rc o n n e c tio n s  o f th e  Cell, Wall
The o v e ra l l  s tre n g th  o f  th e  c e l l  w a ll may be in c re ase d  through 
co v a len t bonds, o r  non-covalen t lin k a g e s  such as  hydrogen, io n ic  and 
l e c t in  bonds. These c ro s s - l in k s  h o ld in g  th e  c e l l  w a ll m a tr ix  to g e th e r  
a l t e r  many o f th e  p ro p e r t ie s  o f th e  w a ll ,  in c lu d in g  e x te n s ib i l i ty ,  
r i g i d i t y ,  cohesion and d i g e s t i b i l i t y  (Fry, 1986), however l i t t l e  i s  
known of th e  a c tu a l  bonds in v o lv ed .
i .  C ovalent bonds
There i s  ev idence fo r  co v alen t lin k ag es  in  p rim ary  w a lls  between
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xylog lucan  ch ains and p e c t ic  p o ly u ron ides (Bauer e t  a l , 1973, Talmadge 
e t  a l , 1973), and between xy log lucan  and p e c t ic  a ra b in o g a la c ta n , s in ce  
a ra b in o g a la c ta n  polym ers a re  re le a se d  by endopo lygalac tu ronase  (Talmadge 
e t  a l ,  1973). Xyloglucan i s  linked  to rham nogalacturonan th rough  th e  
g a la c ta n  p o r tio n  o f  th e  a ra b in o g a la c ta n  (A lbersheim , 1976), and co v a len t 
bonds a t ta c h  n e u tra l  p e c t ic  p o ly sacch a rid es  a rab in an  and g a la c ta n  to  
a c id ic  ones (Talmadge eit a l ,  1973). Covalent bonds may form between 
carbohydrates  and l ig n in ,  ensu ring  th a t  the  components of th e  secondary 
w a ll do n o t s l ip  w ith  re s p e c t to  each o th e r  (N orthco te , 1972).
i i . PPydrogen bonds
P e c tic  p o ly sacch a rid es  p robab ly  in te r a c t  th rough  non -co v a len t a s  
w ell as co v a len t bonding. They may be connected in  some manner to  
h y d ro x y p ro lin e -ric h  g ly c o p ro te in  -  in  sycamore e x t r a c e l lu la r  p o ly ­
sacch arid e  rham nogalacturonan i s  a p p a re n tly  connected to th e  hydroxy- 
p r o l in e - r ic h  w a ll p ro te in  through a h igh ly  branched a rab in o g a la c ta n  
(Lanport e t  a l , 1973). I t  has been proposed th a t  c e l lu lo s e  f ib r e s  
a re  held  to g e th e r  by hydrogen bonds between g lucan  chains (Gardner & 
B lackw ell, 1974) and o th er p o ly sac c h a rid es , such a s  g lucoronoxylans 
and xyloglucans may hydrogen bond to  each o th e r form ing a g g re g a te s .
Such s t ru c tu re s  lead  to  g e l-fo rm a tio n  and may be involved in  c ro s s -  
l in k in g  o f  th e  prim ary  w a ll polym ers.
A m ajor in te rc o n n e c tio n  o f  th e  c e l l  w a ll  i s  th e  bonding o f  
xyloglucan to  c e l lu lo s e  f i b r e  su rfa c e s  th rough  m u ltip le  hydrogen 
bonds (Bauer e_t a l ,  1973; K eegstra  e t  a l ,  1973). When xy log lucan  i s  
bound to  c e l lu lo s e ,  every seoond g ly c o s id ic  oxygen in  th e  g lu can  chain
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may hydrogen-bond w ith  th e  hydrogen o f  a prim ary hydroxyl group a t  
p o s itio n  6 o f  a g ly co sy l re s id u e  o f  a given c e l lu lo s e  ch a in . Of
the  g ly co sy l re s id u e s  in  th e  xyloglucan polymer about one in  fo u r have 
a prim ary hydroxyl group a t  p o s itio n  6, so bonding between xyloglucan  
and c e l lu lo s e  would be weaker than between two c e l lu lo s e  ch ain s 
(Frey-W yssling, 1969). F u rth e r l a t e r a l  a s s o c ia t io n s  would be 
prevented by th e  f tic o sy l-g a la c to sy l-x y lo se  s id e  chains r e s u l t in g  i n  a 
m onolayer o f  xyloglucan  on th e  c e l lu lo s e  f ib r e  su rface  (A lbersheim , 1976). 
I t  i s  proposed th a t  t h i s  would p reven t c e l lu lo s e  m ic r o f ib r l l s  from 
adhering  to  one an o th e r to  form th e  la rg e  ag g reg a te s  c h a r a c te r i s t i c  
o f secondary w a lls  (D a rv ill et^ al^, 1980). The xyloglucan ch a in s  may 
a ls o  be in v o lv ed  in  form ing connections between th e  c e l lu lo s e  f ib r e s  
and o th e r  polymers o f  th e  prim ary c e l l  w a lls .
i i i .  Io n ic
Calcium has lo n g  been known to  co n fe r r i g i d i t y  to  c e l l  w a lls .
In th e  ga lac tu ro n an  ’egg-box’ s t ru c tu re  o f  Rees e t a l  (Rees, 1972;
Rees & R ichardson, 1973) calcium  io n s  between chains o f  p o ly g a lac tu ro n y l 
re s id u e s  c h e la te  to  th e  oxygen atoms o f  fo u r g a lac tu ro n y l re s id u e s  
d is t r ib u te d  between two ga lac tu ro n an  ch a in s . This r e s u l t s  in  
in c re a se d  r i g i d i t y  o f  th e  g a lac tu ro n an s  and c ro s s - l in k in g  o f  th e  
g a lac tu ro n an  ch a in s .
i v .  L ec tin
S everal o f  th e  h y d ro x y p ro lin e -ric h  g ly c o p ro te in s  e x tra c te d  frcm 
p la n t t i s s u e s  have carbohydrate  b ind ing  a c t i v i t y ,  g iv in g  them th e
c h a r a c te r i s t i c s  o f  l e c t i n s  (D a rv ill e t  a l ,  1980). Two l e c t i n - l i k e
p ro te in  f r a c t io n s  e x tra c te d  from mnng bean see d lin g  c e l l  w a lls  bind 
s p e c i f ic a l ly  to  g a la c to se  re s id u e s , though i t  i s  no t known w hether 
they  co n ta in  hydroxy p ro lin e . This has le d  to  th e  su ggestion  th a t  
l e c t i n s  may be in v o lv ed  in  e s ta b l is h in g  a non -covalen t p ro te in -g ly ca n  
network (Kauss & Bowles, 1976).
v . E s te r  l in k s
I t  has re c e n tly  been suggested  th a t  p e c tin  m olecules may be c ro s s -  
l in k e d  by o x id a tiv e  coupling  o f  t h e i r  pheno lic  s u b s t i tu e n ts  through 
fe ru lo y la te d  sugar re s id u e s  (F ry , 1986). In  g ra s se s , h em ice llu lo se s  
have been found, in  p a r t i c u la r  a fe ru lo y l-a ra b in o - fu ra n o sy l-x y la n , 
which y ie ld  fe ru lo y l-a ra b in o s e  on m ild a c id  h y d ro ly s is . R esu lts  a lso  
suggest th e  presence o f i s o d i ty r o s in e  b rid g es  (an isom er o f  d i ty ro s in e  
found in  th e  c u t ic u la r  p ro te in  o f  in s e c ts )  l in k in g  g ly c o p ro te in s  in  th e  
w a ll, though i t  has s t i l l  to  be shown th a t  th e  b rid g es  a re  between, 
and no t w ith in  m olecu les.
C urrent evidence
Chambat elt al_ (1984) have proposed a te n ta t iv e  model showing 
p o ss ib le  in te r a c t io n s  between po ly sacch arid e  c o n s itu e n ts  o f  su sp en sio n - 
cultured Rosa g lauca  c e l l  w a lls . Two d ifferen t e x tra c tio n  p ro cesses  
y ie ld e d  very s im ila r  c e l lu lo s e  complex re s id u e s  and e x t r a c t s :  th e
c e l lu lo s e  complexes comprised u ro n ic  ac id  co n ta in in g  p o ly sac c h a rid es , 
and h em ice llu lo se  i n  a s s o c ia t io n  w ith  c e l lu lo s e ;  graded a c id  h y d ro ly s is  
provided evidence fo r  th e  c e n tr a l  r o le  o f  a  hom ogalacturonan core
in te rc o n n e c tin g  xy log lucans and a ra b in o g a la c ta n s .
A x y lo g lu c a n -c e llu lo se  complex from pea was examined by Hayashi 
and M aclachlan (1984) u s in g  f lu o rescen ce  m icroscopy w ith  a fu c o se - 
b ind ing  f lu o re s c e in  l e c t i n  as  a probe. They found th a t  th e  macro­
m olecules were p re sen t in  f i l e s  o f  c e l l  shapes w ith xy loglucan  on 
and between c e l lu lo s e  m ic r o f ib r i l s .  Since th e  average  chain  le n g th  
o f  xyloglucan  i s  many tim es th a t  o f  th e  c e l lu lo s e  m ic r o f ib r i l  d iam eter, 
Hayashi and M aclachlan su ggest th a t  i t  could in tro d u c e  c ro s s - l in k s  
by b ind ing  and c o n tr ib u te  r i g i d i ty  to  th e  w a ll.
The assem bly o f  ^ -g lu c a n s  has been s tu d ie d  i n  pea p ro to p la s ts  
i s o la te d  from th e  growing reg io n s  o f  e t io la te d  peas (Hayashi et_ al^, 
1986). Xyloglucan and c e l lu lo s e  were minor w all components compared 
w ith  i n t a c t  c e l l  w a lls , and bonding between th e se  m olecules was w eaker. 
I t  was found however, th a t  a d d itio n  o f  exogenous pea xyloglucan  in to  
th e  c u ltu re  medium s tim u la te d  d e p o s it io n .o f  new p o ly sacch arid e  i n t o  
th e  p ro to p la s t  w a ll, and enhanced th e  c lo se  a s s o c ia t io n  o f  newly formed 
xyloglucan w ith  c e l lu lo s e .  The presence o f  xyloglucan  o u ts id e  th e  
p ro to p la s ts  may le a d  to  a co o rd in a tio n  o f  xyloglucan s e c re t io n  and 
c e l lu lo s e  s y n th e s is ,  so th a t  th e  two remain in  c lo se  a s s o c ia t io n  a s  th ey  
do in  v iv o .
Biosynthesis o f  w all components
i . .  The carbohydrates
S yn thesis  o f  c e l l  w all carbohydrates in v o lv e s  th e  t r a n s f e r  o f
sugars  d i r e c t ly  o r  in d i r e c t ly  to  th e  growing p o ly sacch arid e  ch a in s , a 
t r a n s f e r  which i s  accom plished v ia  su g ar nucleotides -  a c t iv a te d  high 
energy forms o f  th e  sugar (E ricson  & E lb e in , 1980). G lucose, f ru c to s e  
an d /o r su cro se  a re  tra n s lo c a te d  from p h o to sy n th e tic  o r  s to ra g e  t i s s u e s  
to  th e  s i t e s  o f  w all sy n th e s is  and a re  converted  th e re  to  UDP- g lu co se , 
GDP- g lucose  e tc .  (See F ig .2 ) . Sugar n u c le o tid e  le v e l s  in  p la n ts  vary 
UDP-glucose i s  th e  m ajor su g ar n u c le o tid e  component i . e .  60-70?;
UDP-galactose makes up 15-25? o f  th e  pool and th e  o th e r  UDP d e r iv i t iv e s  
1-10?, though th e  le v e l  o f n u c le o tid e  sugar p re sen t does n o t in d ic a te  
i t s  r a te  o f  p a r t ic ip a t io n  i n  a m etab o lic  p rocess (Feingold & Avigad, 
1980).
Once a pool o f  n u c leo s id e  d iphosphate  sugars  has been e s ta b l is h e d , 
a t  l e a s t  two s ta g e s  a re  invo lved  in  p o ly sacch arid e  b io sy n th e s is :  f i r s t
g ly co sy l re s id u e s  a re  assem bled from n u c le o tid e  sugars  v ia  a  sugar 
t r a n s f e r  to  an a c c e p to r  su b stan ce , a p ro cess  in v o lv in g  chain i n i t i a t i o n  
copo lym erisation  to  form he teropo lym ers, s p e c i f ic a t io n  o f  anom eric 
co n fig u ra tio n  and lin k a g e  p o s it io n , in tro d u c tio n  o f  branch p o in ts , then  
chain  te rm in a tio n  (K orthco te , 1969). This r e s u l t s  in  form ation  o f  
d is a c c h a r id e s , o lig o sacch arid es  o rpo lym eric  c h a in s . A fte r t h i s  s tag e  
th e  g ly co sy l re s id u e s  may undergo e s t e r i f l c a t i o n  o r e th e r i f i c a t io n .
By a d i f f e r e n t  p ro cess  p re -e x is t in g  m a te r ia l  may be m odified to  g iv e  a 
branched s t r u c tu r e ,  o r  t r a n s f e r  o f m a te r ia l  o f  a l a r g e r  m o lecu lar 
w eight onto o th e r  po lysaccharide  ch a in s  may g ive  new o r  changed 
p o ly sacch arid e .
B io sy n th es is  o f  po ly sacch arid es  has g e n e ra lly  been in v e s t ig a te d
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F igure  2
R eactions invo lved  in  the  sy n th e s is  o f th e  v a rio u s  sugar n u c le o tid e s  
th a t  a c t  a s  p recu rso rs  o f c e l l  w a ll p o ly sacch arid es  (From E ricscn  & 
E lbein , 1980).
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by in c u b a tin g  ra d io a c t iv e ly - la b e l le d  sugar n u c e lo tid e s  w ith  membrane 
f r a c t io n s  i s o la te d  from p la n t t i s s u e s .  The p roducts o f  th e  in c u b a tio n  
a re  then  i s o la te d  and c h a ra c te r is e d . There a re  two main problems w ith  
t h i s  s o r t  o f study  (Kauss, 1974): d i f f i c u l t i e s  a r i s e  w ith product
c h a r a c te r is a t io n  because most r a d io a c tiv e  p ro d u c ts  a re  th e  r e s u l t  o f  
a d d itio n  o f  a  few sugar m olecules to  th e  non-reducing  end o f  an 
e x is t in g  p o ly sacch arid e  ch a in , r a th e r  than de no\o p o ly sacch arid e  
sy n th e s is ;  secondly in te rc o n v e rs io n s  o f  sugar n u c le o tid e s  may be 
c a ta ly zed  by enzymes in  th e  p a r t ic u la te  p re p a ra tio n . A f u r th e r  d i f f i c u l t y  
i s  th e  freq u en t sy n th e s is  o f  r e la te d  p ro d u c ts , making product i d e n t i f i c a ­
t io n  d i f f i c u l t .  These problem s can be p a r t i a l l y  overcome by u s in g  
sh o rt in c u b a tio n s  and by a d ju s t in g  c o n d itio n s  to  favour th e  d e s ire d  
g ly c o s y l tra n s fe ra s e s , and th e  b io sy n th e s is  o f  s e v e ra l p o ly sacch a rid es  
has been in v e s t ig a te d  w ith  some degree o f su ccess .
Among th e  f i r s t  c e l l - f r e e  s tu d ie s  o f  po ly sacch arid e  sy n th e s is  were
14th o se  on £ (1 -3 ) g lu can : th e  in c o rp o ra tio n  o f  C -glucose from UDP —
14C-glucose in to  £3(1-3) lin k e d  glucan was shown to  be ca ta ly zed  by a 
p a r t i c u la te  enzyme p re p a ra tio n  from mung bean shoo ts (Feingold  e t  a l ,
1958). The p o ly sacch arid e  was so lu b le  i n  ho t d i lu te  a l k a l i ,  and on 
p a r t i a l  a c id  h y d ro ly s is  gave r i s e  to  a s e r ie s  o f  o lig o sacch arid es  
s im ila r  to  th e  la m in a rin  s e r i e s .  Some in v e s t ig a to r s  have re p o r te d  
th a t  both £31-3 and JB1-4 g lu c o s id ic  lin k a g e s  can be produced from UDP- 
g lucose  i . e .  a low UDP-glucose co n cen tra tio n  r e s u l t s  in  1-4 l in k a g e s ,  
w hile  high UDP-glucose r e s u l t s  in  1r*3 lin k a g e s  (Peaud-LenoeL & A xelos,
1970. ; Clark & V illem ez, 1972). I t  has been shown th a t  a t  l e a s t  tv/o 
enzymes a re  in v o lv ed .
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The r o le  o f  ^ (1 -3 )  g lucan  form ation a s  a wound response was
in v e s t ig a te d  by B re t t  (1978). Soybean su sp e n sio n -c u ltu re  c e l l s  were
14in cu b a ted  w ith  UDP- C -glucose on a l i n e a r  sh ak er. Under th e se  
c o n d itio n s  low in c o rp o ra tio n  re s u l te d ,  but when th e  c e l l s  were r e ­
suspended by s t i r r i n g  w ith  a  narrow g la s s  rod , in c o rp o ra tio n  in c re a se d  
30 -tim es, a p p a re n tly  due to  a wound resp o n se . The a l k a l i - insolubLe 
m a te r ia l formed was J3(1—3) g lucan , and no c e l lu lo s e  sy n th e s is  occu rred . 
S im ila r  r e s u l t s  have been o b ta ined  w ith  co tto n  f ib r e s  (H e in ig er &
Delmer, 1977).
In  v i t r o  c e l lu lo s e  b io sy n th esis  has no t been achieved so f a r ,  
probably r e f le c t in g  th e  in h e re n t i n s t a b i l i t y  o f  th e  sy n th e ta se  complex, 
damage to  th e  complex d u ring  t i s s u e  hom ogenisation, o r  f a i l u r e  to  
prov ide a p p ro p r ia te  s u b s tr a te s  o r  c o fa c to rs  (D a rv ill e t  a l , 1980).
There i s  ev idence th a t  th e  d i r e c t  p re c u rso r of c e l lu lo s e  i s  UDP- 
g lucose  (C a rp ita  & Delmer, 1980), bu t th e re  i s  no evidence th a t  s y n th e s i s # 
o f xy log lucan , which has a -4  backbone l ik e  c e l lu lo s e / i s  in  any way 
lin k e d  to  th a t  of c e l lu lo s e  (A sp in a ll, 1980).
The b io s y n th e s is  o f a number o f p e c tic  and h e m ic e llu lo s ic  po ly ­
sac c h a rid es  has been in v e s t ig a te d , fo r  exam ple:- a mung bean p a r t i c u la te  
enzyme p re p a ra tio n  incubated  w ith  U D P-galacturonic ac id  c a ta ly z ed  th e  
form ation o f th e  <*-1-4 p o ly g a lac tu ru n ic  ac id  backbone o f a c id ic  p e c tin s  
(V illem ez e t  a J ,  1965; 1966). The most a c t iv e  g ly co sy l donor fo r
t h i s  re a c tio n  was U D P-galacturonic a c id , w ith  limited in c o rp o ra tio n  
from TDP- and C D P-galacturonic ac id  observed in  p re p a ra tio n s  from tom ato . 
In c o rp o ra tio n  o f a rab in o se  in to  a p e c t ic  f r a c t io n  was dem onstrated
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u s in g  a p re p a ra tio n  from mung bean sh o o ts  (Odzuck & Kauss, 1972), and
th e  same p re p a ra tio n  c a ta ly zed  th e  t r a n s f e r  o f  g a la c to se  from UDP- 
14C -g a lac to se  in to  a  w ater so lu b le  g a la c ta n , m o lecu lar w eight 4,600 
(McNab e t  a l , 1968).
Glucomannan b io sy n th e s is  was in v e s t ig a te d  by V illem ez (1 9 7 4 ):-  
14when GDP- C -glucose was in cu b ated  w ith  a mung bean p a r t ic u la te
p re p a ra tio n , r a d io a c t iv i ty  appeared in  lin k ed  g lucan . A ddition
o f GDP-mannose g re a t ly  s tim u la ted  in c o rp o ra tio n , and fu r th e r  re se a rc h
showed th a t  g lucose  and mannose were in co rp o ra ted  in to  a ^1 -4  lin k e d
glucomannan. A s im ila r  s tim u la tio n  o f  in c o rp o ra tio n  was observed by
Waldron & B re tt  (1983) in v e s t ig a t in g  glucuronoxylan  s y n th e s is . in  pea
e p ic o ty ls .  A pea membrane p re p a ra tio n  in c o rp o ra te d  g lu cu ro n ic  ac id  
14from UDP- C -g lucuron ic  a c id , and t h i s  in c o rp o ra tio n  was s tim u la ted  by
th e  presence o f UDP-xylose. An enzyme from corncobs w i l l  u se  UDP-
xy lose  to  form a x y la n - l ik e  p o ly saccharide  (Ben-Arie e t a l , 1973), and
a p a r t i c u la te  p re p a ra tio n  from Zea mays see d lin g s  was capab le  o f
14producing an a lk a l i - s o lu b le  po ly sacch arid e  frcm e i th e r  UDP- C-
14a ra b in o se  o r UDP- C -xylose, which on ac id  h y d ro ly s is  y ie ld e d  xy lose  and 
a ra b in o se  (Pridham & H assid , 1966).
S evera l groups have s tu d ied  th e  b io sy n th e s is  o f  xy log lucan , in  
p a r t i c u la r  th e  in c o rp o ra tio n  o f g lucose  and xy lose  in to  th e  polymer. 
Using a p re p a ra tio n  from pea s e e d lin g s , Ray (1980) s tu d ied  th e  
t r a n s f e r  o f  g lucose  and xy lose to  an u n id e n t i f ie d  p o ly sacch a rid e .
The t r a n s f e r s  appeared  to  be due to  s e p a ra te  enzymes w ith  d i f f e r e n t  
requ irem en ts  e .g .  th e  xy lo sy l t r a n s fe ra s e  re q u ire d  th e  p resence o f a
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high  co n ce n tra tio n  o f f r e e  su g ar. On enzymic h y d ro ly s is  th e  p roducts
were found to  vary w ith  th e  in cu b a tio n  m ix ture  i . e .  in  th e  presence o f
UDP-glucose a lo n e , h y d ro ly s is  w ith  c e l lu la s e  p re p a ra tio n  from
Streptom yces o r from Trichoderma v i r id e  produced c e llo b io se . With
UDP-xylose a ls o  p re se n t, h y d ro ly s is  y ie ld e d  l e s s  c e llo b io se  and more
la r g e r  o lig o sacch a rid es , shown by borohydride red u c tio n  to  have g lucose
14a t  th e  reducing  end o f  th e  polymer. Trace amounts o f C -arab inose 
were found in  some sam ples, su g g es tin g  epim erase a c t i v i t y .
Hayashi and Matsuda (1981a) is o la te d  a p a r t ic u la te  enzyme p re p a ra tio n  
from su sp e n sio n -c u ltu re d  soybean which ca ta ly zed  th e  t r a n s f e r  o f  xy lose  
and g lucose  in to  xy log lucan . In c o rp o ra tio n  from one r a d ia c t iv e  sugar 
n u c le o tid e  was dependent on th e  presence o f th e  o th e r  (u n lab e lled )
sugar n u c le o tid e , and in  th e  presence o f excess UDP-glucose (optimum
-3  142mmoljdm ) ,  in c o rp o ra tio n  from UDP- C -xylose was p ro p o r tio n a l to  tim e.
H ydro lysis w ith  Trichoderma v i r id e  c e l lu la s e  y ie ld ed  nona - ,  h e p ta - , 
p e n ta -  and t r i s a c c h a r id e s ,  though th e  a u th o rs  suggest th a t  th e  
t r i s a c c h a r id e  i s  from th e  enzyme h y d ro ly s is  o f la b e l le d  xylan r a th e r  
than  xyloglucan .
Hayashi e t  a l  (1981) have suggested  an assay  fo r  x y lo sy l t r a n s f e r a s e
based on th e  product o f h y d ro ly s is  w ith  c e l lu la s e  frcm A sp e rg illu s  o ry zae .
14S usp en sio n -cu ltu red  soybeans were grown in  2% D-U C -glucose to
produce la b e l le d  xyloglucan  which was then  hydrolysed  w ith  an A ioryzae
14p re p a ra tio n  to  produce a d is a c c h a r id e , id e n t i f i e d  a s  C-is:oprim a\erose,
14a lo n g  w ith  C-m onosaccharides. T his h y d ro ly s is  product i s  suggested
to  be d ia g n o s tic  evidence fo r  xyloglucan  x y lo s y I tra n s fe ra s e  a c t i v i t y .
I t  has been proposed (Hayashi & Matsuda, 1981b) th a t  sy n th e s is  
of xyloglucan  proceeds by co o p era tiv e  t r a n s f e r  o f g lucose and xy lose 
by xyloglucan sy n th ase , w ith  the  p o ly sacch arid e  composed o f a h e p ta -  
sacch arid e  u n i t  (g lc -x y l, 4 :3 ) and a p en tasacch a rid e  u n i t  (g lc -x y l ,  3 :2 ) .  
In  a more re c e n t paper (Hayashi et^ al_, 1984), th e  au th o rs  proposed 
th a t  a b a s ic  p en ta sacch a rid e  u n i t  beocmes a h ep tasacch a rid e  u n i t  d u rin g  
an e lo n g a tio n  p ro cess  of in  v i t r o  s y n th e s is , and th a t  th e  conversion  
i s  dependent upon UDP-xylose c o n c e n tra tio n . A p u lse-ch ase  experim ent 
suggested  th a t  the  r e l a t iv e  amount o f h ep tasacch a rid e  in c reased  w ith  
tim e, as  would be expected i f  th e  p e n ta -  was th e  immediate p re c u rso r  
o f the  h ep tasacch a rid e  u n i t .  A preponderance o f UDP-xylose in  th e  
re a c tio n  m ix tu re  r e s u lte d  in  h ep ta sacch a rid e  p rod u c tio n , whereas a 
preponderance of UDP-glucose gave th e  p e n ta sacch a rid e .
A re c e n t paper by Camirand and M aclachlan (1986) re p o r ts  th e
14 14t r a n s f e r  o f  C-fucose from GDP— C-fucose in to  xyloglucan by pea
m icro san a l membranes. In th e  p resence or absence o f UDP-glucose,
14UDP-xylose o r ID P-galactose, C -fucose was in co rp o ra ted  in to  a
xyloglucan ncn asacch arid e : G lc4:X yl 3 :G al:F uc. T ran sfe r from UDP-
14C-xylose re s u lte d  in  th e  form ation  of an o c ta sa cc h a rid e , r a th e r  than  
a n cn asacch arid e . C e llu lo se  d ig e s t io n  follow ed by se p a ra tio n  on 
B io -ge l P4 re s u lte d  in  one peak co rresponding  to  a ncnasaccharide  w ith  
about 85% o f th e  r a d io a c t iv i ty .  The presence o f o th e r  sugar nu c leo ­
t id e s  was n o t n e ce ssa ry , though in c u b a tio n s  w ith  UDP-xylose showed a 
7 -fo ld  s tim u la tio n  in  in co rp o ra tio n  by UDP-glucose. The p roducts 
however were very s im ila r .
i i .  O ther w all components: l ig n in .
The v a rio u s  s ta g e s  o f  l ig n in  b io sy n th e s is  have been p a r t i a l l y
14e lu c id a te d . E arly  experim ents w ith  C t r a c e r s  e s ta b lis h e d  th a t  
sh ik im ic  a c id  and o th e r  a ro m atic  a c id  p re c u rso rs  were re a d ily  converted  
in to  l ig n in  (N eish, 1965), and th a t  phenylpyruvic a c id , pheno lic  
cinnam ic a c id s  and p h en y la lan in e  were th e  most l ik e ly  p recu rso r 
compounds o f l ig n in .  P heny la lan ine  probably se rv es  a s  th e  main source 
o f cinnam ic ac id  d e r iv a t iv e s  c o n ife ry l a lc o h o l and s in ap y l a lc o h o l , and 
they  probably a r i s e  by th e  stepw ise  h y d ro x y la tio n  and m eth y la tio n  o f 
cinnam ic a c id . Form ation o f l ig n in  probably occu rs  by a r e l a t i v e ly  
u n s p e c if ic  p o ly m erisa tio n  c a ta ly sed  by a perox idase  which promotes 
o x id a tio n  o f  th e  double,bonds in  th e  s id e  ch a in , a llow ing  complex 
c h a in - r in g  and in te rc h a in  condensation  to  occur.
Pheny la lan ine  ammonia ly a se , th e  enzyme re p o n s ib le  f o r  th e  
deam ination o f  p h en y la lan in e , i s  to  be found in  high c o n ce n tra tio n  where 
l ig n in  i s  being  sy n th es iz ed , bu t i s  a lm o st com pletely  ab sen t in  t i s s u e  
where th e re  i s  no l ig n in  form ation (Rubery & N orthco te , 1968).
The Rale o f Prim ers in  B io sy n th esis
As a ttem p ts  were made to  ach ieve po ly sacch arid e  b io s y n th e s is  in  
c e l l - f r e e  system s, i t  became ev iden t t h a t  a s u i ta b le  1p rim er’ had to  be 
p re sen t to  i n i t i a t e  proper t r a n s f e r  o f  sugar to  polymer. A lthough an 
endogenous a c c e p to r  m ight be p re se n t, w ithou t an exogenous p rim er th e
amount o f  m onosaccharide t h a t  could be in c o rp o ra te d  was sm all and 
in c o rp o ra tio n  would o ily  proceed fo r  a s h o r t tim e. In some system s, 
such as  th a t  fo r  glycogen b io s y n th e s is , a p a r t i a l  h y d ro ly sa te  o f the  
p o ly sacch arid e  being  assem bled s tim u la te d  s y n th e s is , and a model was 
dev ised  in  which m olecules could only a r i s e  frcm the  t r a n s f e r  o f sugar 
to  an o lig o sa cc h a r id e  produced by th e  enzym atic cleavage of a  fragm ent 
from a completed m olecu le. This model i s  now o b so le te .
The c u rre n t th eo ry  i s  t h a t  po ly sacch arid es  develop upon p ro te in  
o r l i p i d  co res  to  which they  may remain a tta ch e d  o r from which they  
may be severed  a f t e r  or du ring  s y n th e s is . For some p o ly sacch arid es  
such as k e ra ta n  su lp h a te  th e  lin k a g e  sequences seem to  have th e  same 
s t ru c tu re s  a s  th e  o lig o sa cc h a rid e s  o f conven tional g ly c o p ro te in s  
O ther p o ly sacch arid es  such as h ep arin  a re  a tta c h e d  to  sequences th a t . ,  
have no known e q u iv a le n t in  ’ ty p i c a l1' g ly co p ro te in  assembly (S to d d a r t, 
1984).
The evidence fo r  p rim ers in  ^ -g lu c a n  s y n th e s is  has been a sse sse d  
by M aclachlan (1981). S everal f a c to r s  p o in t to  the  e x is ten c e  o f a 
prim er in  p la n t  ^ -g lu c a n  sy n th e s is :  f i r s t l y ,  the  r a te s  o f b io sy n th e s is
o f is o la te d  p la n t membrane p re p a ra tio n s  a re  much low er than in  r e a l  
p la n t system s, and a re  s h o r t  l iv e d .  Secondly, th e  high m o lecu lar 
w eight o f in s o lu b le  j3-glucans (DP up to  10,000) frcm in c u b a tio n s  w ith  
t i s s u e  s l i c e s  compared to  p roducts from p a r t ic u la te  enzyme p re p a ra t io n s  
suggests  th a t  i n t a c t  membranes form la r g e r  p roducts  (Spencer & 
M aclachlan, 1972). While c e r ta in  compounds have been re p o rte d  to  
enhance in c o rp o ra tio n , no compound has been id e n t i f ie d  as  a p rim er.
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C ontrol o f B io sy n th es is
During c e l l  developm ent th e  b io sy n th e s is  o f  c e l l  wall po ly ­
sac c h a rid es  i s  re g u la te d  so th a t  th e  p roducts  d i f f e r  w ith  su ccess iv e  
growth s ta g e s . Thus a s  prim ary w all form ation  ceases and secondary 
growth b eg in s, p e c tin  d ep o sitio n  i s  d isco n tin u ed , h em ice llu lo se  and 
c e l lu lo s e  d e p o s it io n  in c re a s e  and l ig n in  sy n th e s is  i s  i n i t i a t e d .
These changes could be brought about by a c t iv a t io n  o r  in a c t iv a t io n  o f 
c e r ta in  enzymes, by in d u c tio n  o r  re p re ss io n  o f enzyme s y n th e s is , o r by 
c o n tro l o f  t r a n s p o r t  r e la te d  to  membrane o rg a n isa tio n  (N orthco te , 1985).
There a re  a number o f  p o in ts  a t  which c o n tro l may be ex e rted  
e .g .  th e  in te rc o n v e rs io n s  o f  n u c leo s id e  d iphosphate  sugars have been 
considered  a s  p o te n t ia l  c o n tro l p o in ts  o f  w a ll b io g en es is  d u rin g  v a sc u la r  
d i f f e r e n t i a t io n .  D alesaandro and N orthcote (1977) s tu d ie d  th e  
epim erases invo lved  during  d i f f e r e n t ia t io n  o f  xylem c e l l s  in  pine and 
f i r  t r e e s .  They showed th a t  th e  c ap ac ity  f o r  i n t e r  con v e rs  ion  o f  UDP- 
sugar p recu rso rs  o f p e c tin  and h em ice llu lo se  does n o t change d u ring  
secondary growth, so  a pool o f a l l  UDP-sugars i s  m ain ta ined . So 
f o r  th e se  p la n ts  th e  c o n tro l must be a t  s i t e s  o th e r  than  th o se  o f 
e p im e risa tio n .
The course  o f d i f f e r e n t ia t io n  in  bean c a l lu s  t r a n s fe r r e d  frcm a 
maintenance to  an in d u c tio n  medium was s tu d ie d  by Haddan e t  a l  (1975), 
u s in g  th e  enzymes in v o lv ed  i n  l ig n in  and c a l lo s e  b io sy n th e s is  a s  m arkers 
f o r  xylem and phloem d i f f e r e n t ia t io n  re s p e c tiv e ly . I t  appeared  th a t  
changes in  th e  le v e l  o f  c a l lo s e  sy n th e ta se  a c t i v i t y  c o n tro lle d  c a l lo s e
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sy n th e s is  du ring  phloem d i f f e r e n t i a t io n ,  and t h i s  a c t i v i t y  in c re a se d  in  
tandem w ith  t h a t  o f two enzymes in vo lved  in  l ig n in  sy n th e s is . Thus th e  
r i s e  in  PAL (phenylammonia ly a se )  and c a ffea te -o -m e th y l t r a n s f e r a s e  
a c t i v i t y  (key enzymes in  l ig n in  b io s y n th e s is ) , beg ins sim u ltaneously  
w ith  th e  r i s e  in  c a l lo s e  sy n th e ta se  a c t i v i t y  and w ith  th e  o n se t o f  
nodule fo rm ation . The c o n tro l mechanism in  t h i s  experim ent was n o t 
i d e n t i f i e d .
Bolwell and N orthco te  (1983) s tu d ie d  th e  in d u c tio n  o f  xylan  and 
a rab in an  sy n th e ta se s  in  bean suspension  c u l tu re s ,  enzymes concerned 
w ith  n e u tr a l  p e c tin  and h em ice llu lo se  form ation  re s p e c tiv e ly . Xylan 
sy n th e ta se  a c t i v i t y  in c re a se d  on su b c u ltu re  o f  th e  bean c e l l s  in to  media 
which s tim u la te d  c e l l  d iv is io n ,  w hile  a rab in an  sy n th e ta se  a c t i v i t y  
in c re a se d  on s u b -c u ltu re  on to  media which s tim u la te d  d i f f e r e n t i a t io n .  
During th e  r i s in g  phase o f t h i s  in d u c tio n , th e  in c re a s e s  in  enzyme 
a c t i v i t y  were in h ib i te d  by actinom ycin  D (an in h ib i to r  o f  t r a n s c r ip t io n )  
o r  by D-2 (4 -m ethyl-2 , 6 - d in i t r o  an ilina)-N -m ethy lp rop ianam ide  (an 
in h ib i to r  o f  t r a n s l a t i o n ) .  Thus th e  c o n tro l fo r  th e  in d u c tio n  o f th e se  
enzyme a c t i v i t i e s  in v o lv e s  t r a n s c r ip t io n  and p o ssib ly  a lso  t r a n s l a t i o n .
The p o s s ib le  r o le  o f  in te rm e d ia te  t r a n s f e r  m olecules has been 
in v e s t ig a te d  in  c e l l  w all p o ly sacch arid e  b io s y n th e s is . As y e t none 
have been id e n t i f i e d ,  bu t i f  a c a r r i e r  i s  id e n t i f i e d ,  such a s  th e  l i p i d  
c a r r i e r s  which a re  in v o lv ed  in  p la n t g ly c o p ro te in  sy n th e s is  (B a iley  
e t  a l , 1979, 1980; H orie t  a l , 1982) t h i s  would p re sen t a n o th e r 
p o te n t ia l  s i t e  fo r  c o n tro l o f  b io s y n th e s is .
The enzyme, re sp o n s ib le  fo r  th e  deam ination o f  pheny la lan ine  in  
th e  b io sy n th e s is  o f l ig n in ,  i . e .  ph en y la lan in e  ammonia ly a se , has 
a t t r a c t e d  a t te n t io n  because i t  shows changes in  a c t i v i t y  in  s e v e ra l 
p la n t t i s s u e s  in  response  to  c e r ta in  s t im u li  in c lu d in g  l i g h t ,  wounding, 
d is e a se , ra d ia t io n  damage and growth fa c to r s  such as e th y le n e . This 
su g g ests  th a t  th e  p roduction  o f  l ig n in  p recu rso rs  and perhaps l ig n in  
i t s e l f  may in  p a r t  be c o n tro lle d  by a number of environm ental and 
p h y s io lo g ic a l f a c to r s .
In te r a c t io n s  o f Enzymes in  B io sy n th es is
The la c k  o f co n sis ten cy  o f  lin k ag e  sequence or monomer 
composition, in  th e  main chain  o f  most h e te ro p o ly sacch a rid e s  su g g es ts  
th a t  th e i r  assem bly i s  n o t a  te m p la te -d ire c te d  p rocess l ik e  p ro te in  o r 
n u c le ic  a c id  sy n th e s is , b u t i s  more l i k e ly  to  be d ire c te d  by the  
s p e c i f i c i ty  of th e  t r a n s f e r a s e s  invo lved . The system s re sp o n s ib le  f o r  
th e  assem bly o f polymers which co n ta in  a v a r ie ty  o f  lin k a g e  ty p e s  and 
monomers must inv o lv e  m u ltip le  enzym e-catalyzed re a c tio n s  r e q u ir in g  
d e l ic a te  co o rd in a tio n . I t  i s  no t c le a r  w ith  what degree o f  p re c is io n  
th e  h e te ro p o ly sa c ch a rid e s  a re  sy n th es ized , and re se a rc h  in  t h i s  a re a  
has been impeded by lack  o f  su ccess  in  com plete id e n t i f i c a t io n  o f  the  
p o ly sacch arid e  p ro d u c ts . R ecently  Waldron and B re tt (1985) have 
proposed two models fo r  c o n tro l o f b io sy n th e s is  based on th e  degree  o f 
p re c is io n  in v o lv e d :-  " im prec ise"  sy n th e s is  in v o lv es  enzymes s p e c i f ic  
enough to  d e fin e  re s id u e s , bu t unable to  g ive  f a r th e r  r e g u la r i ty  to  
th e  p ro d u c t. S ide chains would be i r r e g u la r ly  a tta c h e d  and o f
v a r ia b le  le n g th , and th e  backbone would be sy n th es ized  in d ependen tly  
o f th e  s id e  ch a in s . "P rec ise "  sy n th e s is  would in v o lv e  sy n th e s is  of 
id e n t ic a l  re p e a tin g  su b -u n its  lin k e d  in  a p re c ise  manner, b u t o f 
undefined  number. I t  i s  expected th a t  th e  backbone o f such a 
p re c is e ly  sy n th es ized  m olecule would n o t be a b le  to  grow w ithou t 
concom itant a d d itio n  o f s id e -c h a in s  and ncn -g ly co sy l s u b s t i tu e n ts .
The h e te ro p o ly sa c ch a rid e  xyloglucan has been r e l a t iv e ly  w ell 
de fin ed  w ith  regard  to  s t ru c tu re  and b io sy n th e s is . In: term s o f the  
two models proposed by Waldron and B re t t ,  i t  appears th a t  xyloglucan  
b io sy n th e s is  a s  d e sc rib ed  by Ray (1980) fo r  pea e p ic o ty ls  i s  
’"imprecise* s in ce  th e  backbone can be sy n th es ized  ind ep en d en tly  o f the  
s id e  c h a in s . On th e  o th er hand, soybean xyloglucan b io s y n th e s is , 
a s  d e sc rib ed  by Hayashi and Matsuda (1981a & b ) , appears to  be ’p r e c is e 1 
s in c e  a l t e r n a t e  a d d itio n  o f xy losy l and g lu co sy l re s id u e s  i s  proposed.
While knowledge o f th e  mechanisms c o n tro l l in g  p o ly sacch arid e  
b io sy n th e s is  i s  l im ite d ,  even le s s  is understood  about th e  mechanisms 
governing  i n i t i a t i o n  and te rm in a tio n  re a c t io n s .
The S i te  o f P o ly sacch a rid e  B io sy n th esis
H etero p o ly sacch arid es  a re  thought to  be sy n th es ized  w ith in  th e  
lumen of th e  endcmembrane system , p r in c ip a l ly  in  th e  Golgi a p p a ra tu s , 
and s e c re te d  in to  th e  c e l l  w all a s  h igh  m o lecu lar w eight polym ers 
(H assid , 1967). The sy n th e s is  o f hom o-polysaccharides c e l lu lo s e  and
c a llo s e  on th e  otherhand probably tak es  p lace  on th e  c e l l  su rfa c e  
(D a rv ill e t  a l ,  1980).
In  eu k a ry o tic  c e l l s  th e re  i s  a continuous t r a n s p o r t  o f membranes 
and m a te r ia l  con tained  in  membrane-bound v e s ic le s  outwards t o  the  
plasma membrane and c e l l  w all from th e  Golgi ap p a ra tu s , and an inward 
movement from plasma membrane to  endoscmes and vacuo les. Follow ing 
sy n th e s is  th e  h e te ro p o ly sacch a rid e s  a re  packaged in  v e s ic le s ,  probably  
in  d is c r e te  compartments of th e  Golgi c is te m a e ,  and moved under 
c o n tro lle d  c o n d itio n s  to  th e  plasma membrane where a calcium  dependant 
membrane fu s io n  tak es  p lace  (M orris & N orthco te , 1977). The v e s ic le s  
a re  p a r t ly  d ire c te d  by m icro tubu les  a t  th e  plasma membrane. I t  i s  
b e lie v ed  th a t  th e  G olgi c i s t e r n a l  membranes a rise  frcxn th e  rough 
endoplasm ic re ticu lu m , which changes to  smooth endoplasm ic re ticu lu m  
then to  Golgi c is te m a e  (N orthcote , 1974). The endoplasm ic re ticu lu m  
may a ls o  be involved  in  heteropdLysaccharide b io sy n th e s is  where 
h e te ro p o ly sacch a rid e  i s  sy n th esized  as a g ly c o p ro te in , a s  in  m ucilage 
sy n th e s is  in  maize ro o t t ip s  (P ickett-H eaps & N orthcote , 1966).
Some c e l l  w all enzymes a re  p re sen t a t  th e  c e l l  su rfa c e  o f i n t a c t  
c e l l s ,  fo r  example c e l lu la s e ,  ]*>{ 1-3) g lu canase , perox idase  e t c . ,  and 
c e llu lo s e  sy n th e s is  i s  b e liev ed  to  tak e  p lace  h e re . M u lti-su b u n it 
p a r t i c l e s  found on th e  i n t e r i o r  face o r th e  plasmamembrane in  o o c y s tis  
f r e e z e - f r a c tu r e  s tu d ie s  appear to  be a s so c ia te d  w ith  th e  ends o f 
c e l lu lo s e  f i b r i l s  (Brown & M ontezinos, 1976; Montezinos & Brown, 1976) 
Since each c e l lu lo s e  f i b r i l  c o n s is ts  o f a la rg e  number o f g lucan  ch ains 
a m u lti- su b u n it  enzyme complex would be expected to  p a r t i c ip a te  in  
c e l lu lo s e  sy n th e s is . M icrotubules a re  im p lica ted  in  th e  p ro cess  as
th e  o r ie n ta t io n  o f th e  c e l lu lo s e  f i b r i l s  o ften  c o r r e la te s  w ith  
m ic ro tu b u le  p o s it io n  (Robinson, 1977).
A t e n ta t iv e  proposal was advanced by P res to n  (1964) fo r  a 
mechanism in  which an enzyme complex on th e  o u ts id e  o f th e  plasma-  
membrane a tta c h e d  g ly co sy l re s id u es  in  a co o rd in a ted  manner to  th e  
ends o f (1 -  4) -J3-D-glucans a t  th e  t i p s  o f m ic r o f ib r i l s .  This 
form o f  end growth would re q u ire  th e  t r a n s la t io n  o f e i th e r  th e  
m ic r o f ib r i l  o r  th e  enzyme complex o r bo th . A second theo ry  
a t t r i b u t e s  m ic ro fib ril form ation  sim ply to  th e  o p e ra tio n  of physico ­
chem ical fo rc e s . C urrent re sea rch  in v o lv es  reassem bly of 
d is so c ia te d  components.
Hayashi and Matsuda (1981c) . have p o s tu la te d  th a t  xyloglucan may 
be sy n th es ized  in  th e  membrane system p r io r  to  c e l lu lo s e  s y n th e s is ,  
which beg ins a s  soon a s  th e  v e s ic le s  fu se  w ith  th e  plasmalemma. At 
th e  moment o f f tis io n , c e l lu lo s e  sy n th e s is  s t a r t s  and a llow s continuous 
form ation  o f a  m ic ro f ib r i l  netw ork. The presence o f c e l lu lo s e  
m ic r o f ib r i l s ,  th e  a u th o rs  a rg u e , may be e s s e n t ia l  f o r  th e  d e p o s it io n  o f 
m a trix  p o ly sac c h a rid es , and th e se  may be n ecessa ry  fo r  f ib r e  e lo n g a tio n  
in  o rd e r to  form norm al m ic ro f ib r ils . Thus th e  d ire c t io n  o f m icro­
f i b r i l  o r ie n ta t io n  i s  probably reg u la ted  by th e  xyloglucan c o a tin g  
round th e  c e l lu lo s e  m ic r o f ib r i l s .  The a u th o rs  b e lie v e  th a t  a  1-4 
glucan 4 -p -D -g lu c o sy ltra n s fe ra se  which has been i s o la te d  from so y b ean s  
i s  a l a t e n t  pro-enzyme s e t  a s id e  fo r  p o ly sacch arid e  assem bly in  th e  
p la n t c e l l  w a ll.
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Xyloglucan and C ell Wall Growth
The ’a c id  s e c r e t io n ’ th eo ry  o f auxin a c tio n  proposed by Hager 
e t  a l_ (1 9 7 1 )i and C leland (1971), a tte m p ts  to  exp la in  how c e l l  w all 
ex ten sio n  o ccu rs , and se v e ra l w orkers have im p lica ted  xyloglucan 
m etabolism  in  t h i s  p ro cess . According to  th e  th eo ry , auxin a c ts  
by s tim u la tin g  an outw ardly d ire c te d  hydrogen pump in  the  plasmamembrane, 
and t h i s  a c id i f i e s  th e  c e l l  w a ll. The low er pH somehow breaks bonds 
in  th e  w all t o  a llow  ex ten s io n , and th e re fo re  e lo n g a tio n .
L abav itch  and Ray (1974) found th a t  an in c re a s e  in  so lu b le  
xyloglucan from pea e p ic o ty ls  began 15 min a f t e r  exposure to  1AA. 
M etabolic in h ib i to r s  and calcium  io n s  in h ib i te d  auxin prom otion of 
e lo n g a tio n  and o f xyloglucan  m etabolism  in  p a r a l l e l ,  th u s  th e  a u th o rs  
concluded th a t  changes in  xyloglucan  may re p re se n t th e  means by which 
auxin m o d ifies  th e  c e l l  w all to  cause e lo n g a tio n . In a l a t e r  paper 
(Jacobs & Ray, 1975) n e u tra l  b u ffe r .w a s  rep o rted  to  in h ib i t  th e  1AA- 
induced in c re a s e  in  so lu b le  xy log lucan .
N ish ita n i and Matsuda (1983) fcund th a t  t r e a t in g  Vigna a n g u la r is
_3
e p ic o ty l segments w ith  0.1 moLdm 1AA caused a change in  xyloglucan
ccm positicn  but n o t q u a n tity , i . e .  th e re  was a d ecrease  in  th e  amount
4o f high m o lecu lar w eight xyloglucan (106 x 10 D altcns) and an
4
in c re a se  in  th e  amount o f low m o lecu lar w eight xyloglucan (10 x 10 
D a lto n s) . Hayashi and M aclachlan (1984) suggested th a t  xy loglucan  i s  
im portan t in  th e  m aintenance o f  w all i n t e g r i t y ,  and in h ib i t io n  o f i t s  
sy n th e s is , o r a c c e le ra tio n  o f  breakdown c o n tr ib u te s  to  w all lo o sen in g  and 
sw e llin g .
An in te r e s t in g  e f f e c t  of a xyloglucan o lig o sa cc h a rid e  has
re c e n tly  been re p o rte d  by York e t  a l  (1984). I t  was found th a t
2, 4 -D -stim u la ted  e lo n g a tio n  o f  e t io la te d  pea segments was in h ib i te d
by th e  a p p lic a t io n  o f n o n a sa c ch a rid e -rich  B io -gel P-2 f r a c t io n s  o f
—8 —3endo-^-g lucanase  d ig e s te d  sycamore xyloglucan a t  10” moXdm” .
Also an endo-^-g lucanase  was i s o la te d ,  th e  a c t i v i t y  o f which was 
s tim u la ted  50 tim es by au x in , and which could convert pea xyloglucan  
to  h e p ta -  and nonasaccharide. fragm ents. The n o n a sa c ch a rid e -rich
_ i
f r a c t io n  in h ib i te d  2, 4 -D -stim u la ted  growth a t  1^gm l , whereas a 
h e p ta sa c c h a r id e -r ic h  f r a c t io n  was in a c t iv e  (York et_ al_, 1984).
The nonasaccharide  may be a f f e c t in g  p ro te in  s y n th e s is , and 
could play  an im p o rtan t p a r t  in  p la n t developm ent. I t  may a c t  a s  
a feedback in h ib i to r  o f au x in -s tim u la te d  growth, o r may in h ib i t  
growth o f a x i l l a r y  buds fo llo w in g  i t s  t ra n s p o r ta t io n  down th e  stem , 
th u s  fu n c tio n in g  to  re g u la te  a p ic a l dominance (Fry e t  al^, 1983).
The Technique o f P la n t T issue C u ltu re
The term 1 t i s s u e  c u l tu r e ’ i s  used a s  a b lan k e t term to  cover th e  
c u l t iv a t io n  o f  a l l  p la n t p a r ts ,  whether a s in g le  c e l l ,  a group o f c e l l s  
o r an organ. T issue  c u ltu re  methods vary , and may invo lve  a l iq u id  
medium made sem i-so lid  w ith  a g a r , in  which case th e  l iv in g  c e l l s  a re  
p laced  on th e  su rfa c e  o r embedded in  th e  medium, o r a l iq u id  medium 
w ith  th e  p la n t m a te r ia l  wholly or p a r t i a l ly  immersed. L iquid 
suspension c u l tu re s  must be a g i ta te d  or su b jec ted  to  fo rced  a e r a t io n ,
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and an o r b i t a l  shaker i s  employed fo r  t h i s  purpose in  most la b o r a to r ie s .  
Movement o f th e  l iq u id  medium m ain ta in s  even c e l l  and c e l l  ag g reg a te  
d i s t r ib u t io n ,  and prom otes gaseous exchange.
During in c u b a tio n  o f suspension  c u ltu re s  th e  amount o f cell 
m a te r ia l  in c re a s e s  u n t i l  a p o in t o f maximum y ie ld  i s  reached . I f  a t  
th i s  p o in t th e  c u ltu re  i s  d i lu te d  by su b -c u ltu re  to  th e  i n i t i a l  
c e l l u l a r  c o n te n t, i t  w i l l  grow w ith  a s im ila r  growth p a tte rn  to  th e  
i n i t i a l  c u l tu re ,  y ie ld in g  a s im ila r  amount of m a te r ia l .  The c u ltu re  
can th u s  be co n tin u o u sly  propagated by successiv e  batch  c u l tu re s  of 
a p p ro p r ia te  d u ra tio n . C e lls  w i l l  only grow in  c u ltu re  when su p p lied  
w ith  s u i ta b le  n u t r i e n t s .  C erta in  m a c ro -n u trie n ts  a re  e s s e n t ia l  fo r  
grow th, in c lu d in g  carbon, hydrogen, oxygen, n itro g e n , phosphorus, su lp h u r, 
potassium , calcium , sodium, magnesium and c h lo r in e . M ic ro -n u tr ie n ts  
re q u ire d  in c lu d e  io d in e , boron, c o b a lt , manganese, copper, z in c  and 
iro n . Carbon i s  su p p lied  u su a lly  a s  . sucrose , n itro g en  a s  n i t r a t e  
in  th e  form o f  ammonia o r o rg an ic  u re a . V itam ins may be added to  
supply o rg an ic  f a c to r s .  Most c u ltu re s  re q u ire  growth hormones in  th e  
form o f  an aux in , a c y tck in in  o r bo th . The au x in s, which s tim u la te  
c e l l  expansion , a re  u s u a lly  1AA, NAA or 2, 4-D. C y tok in ins, which 
s tim u la te  c e l l  d iv is io n , in c lu d e  z e a tin  and k in e t in .  Hormones a re  
p h y s io lo g ic a lly  a c t iv e  in  very sm all amounts, u su a lly  in  th e  range 
10“3 to  IQ"5 mol* dm” 3 .
In  suspension  c u ltu re  tech n iq u es  a l l  media, in s tru m en ts  and 
c u ltu re  v e s s e ls  a re  s t e r i l i s e d  to  k i l l  v e g e ta tiv e  sp o re s , c e l l s  o r
o th e r re p ro d u c tiv e  s t ru c tu re s  o f m icro-organism s l i a b l e  to  cause 
c u ltu re -c o n ta m in a tio n . A pparatus and in s tru m en ts  a re  th u s  handled 
u s in g  a s e p tic  te ch n iq u e .
The i n i t i a t i o n  o f  a c e l l  suspension  c u ltu re  re q u ire s  a r e l a t iv e ly
la rg e  amcunt o f  c a l lu s  to  serve  a s  th e  inoculum e .g .  approx. 2 -3  g 
3
f o r  100 an . When th e  p lan t m a te r ia l  i s  f i r s t  p laced in  th e  medium,
th e re  i s  an i n i t i a l  la g  p e riod  p r io r  to  any s ig n  o f c e l l  d iv is io n
(F ig . 3 ) ,  fo llow ed by an ex p o n en tia l r i s e  in  c e l l  number and a l i n e a r
in c re a se  in  th e  c e l l  p o p u la tio n . Follow ing a g rad u a l d e c e le ra tio n
in  th e  d iv is io n  r a t e ,  th e  c e l l s  e n te r  a s ta t io n a ry /n o n -d iv id in g  phase.
Maximum c e l l  d e n s ity  i s  o ften  reached w ith in  18-25 days, though i t  may
be a s  sh o r t a s  6-9 days. A 'c r i t i c a l  c e l l  d e n s i ty ' may be determ ined
below which th e  c u ltu re  w il l  n o t grow e .g . fo r  a clone o f  sycamore
3 3'c e l l s  t h i s  va lue  i s  9-15x10 ce lls /cm  .
The Use o f P la n t  T issue  C u ltu re  in  S tu d ies  o f C ell Wall 
B io sy n th es is  and D if f e re n t ia t io n
S o lid  c a l lu s  and suspension  cultures* have been used a s  a source 
o f experim ental m a te r ia l  fo r  s e v e ra l y e a rs . There a re  obvious 
advantages o f  u s in g  c u ltu re d  t i s s u e : -  t i s s u e  d e rived  from one o r ig in a l  
p la n t source p ro v ides uniform  c e l l s  y ie ld in g  rep ro d u c ib le  r e s u l t s ,  and 
a  la rg e  degree o f c o n tro l can be ex erted  on th e  system . P o te n t ia l  
d isadvan tages a re  th e  requirem ent fo r  continuous m aintenance o f th e  
system, and th e  p o s s ib i l i ty  th a t  c u ltu re s  may change over lo n g  p e rio d s
Figure 3
Growth curve o f a c e l l  suspension  grown under ba tch  c o n d itio n s , 
r e la t in g  t o t a l  c e l l  number p e r u n i t  volume to  tim e .
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C ultured  c e l l s  have been w idely used in  s tu d ie s  o f w all b io ­
g e n e s is  and s t r u c tu r e  a s  they  o f f e r  an e a s i ly  o b ta ined  source o f  
homogenous prim ary c e l l  w a lls , which a re  ap p a ren tly  very  s im ila r  to  
th o se  o b ta ined  from p la n t t i s s u e s ,  f o r  example th e  xyloglucan  o f 
bean p la n t suspension  c u ltu re  prim ary c e l l  w a lls  i s  s tru c tu ra lly  
s im ila r  to  t h a t  o f su sp en sio n -cu ltu red  sycamore c e l l s  w ith  only m inor 
d if fe re n c e s  (W ilder & A ibersheim , 1973). F u r th e r  evidence i s  found 
on comparing th e  s t r u c tu r a l ly  complex rham nogalacturonan I I  in  th e  
w a lls  o f su sp e n sio n -c u ltu re d  sycamore w ith  th a t  o f i n t a c t  pea, bean 
and tom ato c e l l  w a lls  (Talmadge e t  a l ,  1973).
T issue c u ltu re  has a ls o  been used  in  s tu d ie s  o f d i f f e r e n t i a t io n ,  
in  s tu d y in g  th e  p ro cess  by which an u n d if f e r e n t ia te d  c e l l  becomes, f o r  
example, a xylem c e l l .  The xylem c e l l  i s  o f te n  s e le c te d  fo r  s tu d ie s  
o f  c e l l  d i f f e r e n t i a t io n  because o f th e  r e l a t i v e  ease o f in d u c in g  xylem 
d i f f e r e n t i a t io n ,  and th e  ease o f i d e n t i f i c a t io n  o f v e s s e ls ,  due to  th e  
unusual p a t te rn  o f  secondary w all th ic k e n in g . The n u t r i t i o n a l  
requ irem en ts  fo r  xylem d i f f e r e n t ia t io n  a re  r e l a t iv e ly  sim ple, minimum 
requ irem en ts  be ing  an auxin and a c y to k in in . Wetmore and R ie r  (1963) 
showed th a t  c e l l u la r  d i f f e r e n t ia t io n  could be induced in  c a l lu s e s  by 
a p p lic a t io n  o f auxin  (1AA o r NAA) and su cro se , r e f le c t in g  th e  p a t te rn  
o f growth exh ib ited< by  c e l l s  in  th e  in t a c t  p la n t .
Xylem v e sse l form ation  has a ls o  been ach ieved  from s in g le  c e l l s  
in  c u l tu re .  Torrey (1975) achieved  up to  7% d i f f e r e n t ia te d  c e l l s  in
a su sp e n s io n -c u ltu re  o f  Centaurea oyanus in  s u i ta b le  m edia, and 
Kohlenbach (1975) observed up to  30$ d i f f e r e n t ia t io n  o f  is o la te d  
mesophyll c e l l s  to  t r a c h e id s  u sing  m echanically  i s o la te d  c e l l s  of 
Z inn ia  e leg an s .
Dudley and N orthco te  ( 1978) found d i f f e r e n t ia t io n  o f xylem and 
phloem c e l l s  in  P haseo lus v u lg a r is  suspension  c e l l s ,  when t r a n s f e r r e d  
from a ’m ain tenance ' to  an ’in d u c tio n ' medium co n ta in in g  hormones to  
induce d i f f e r e n t i a t i o n . '
A c tiv ity  o f  th e  enzyme pheny lalan ine  ammonia ly a se  (PAL) has 
been used a s  a m arker fo r  xylem d i f f e r e n t ia t io n  due t o  i t s  involvem ent 
in  th e  phenylpropanoid pathway which p rov ides th e  monomers f o r  l ig n in  
s y n th e s is . Bevan and N orthco te  (1979a) found a c o r re la t io n  between 
in c re a se d  PAL a c t i v i t y  and in c re a se d  numbers o f xylem v e s s e ls  on 
t r a n s f e r  o f t i s s u e  from a m aintenance to  an in d u c tio n  medium. In  
a second paper (Bevan & N orthco te , 1979b), th e  in te r a c t io n  o f  aux in  
and cy to k in in  in  th e  in d u c tio n  o f PAL a c t i v i t y  in  suspension  c u l tu re s  
was in v e s t ig a te d .  The presence of NAA was found to  be n ecessa ry  two 
days p r io r  to  th e  in c re a s e  o f  PAL a c t i v i t y ,  w hile  k in e t in  caused an 
immediate ra p id  in c re a s e .
Bolw ell and N orthco te  (1983) c o r re la te d  th e  e f f e c t  o f growth 
hormones on bean c e l l  su sp e n s io n -c u ltu re s  w ith  th e  p roduction  o f 
p o ly sacch arid e  sy n th ase s , and found th a t  su b -c u ltu re  o f  c e l l s  in to  
in d u c tio n  medium brought about an in c re a se  in  xylan sy n th ase .
More re c e n tly , F a lco n er and S eagu ll (1985) have s tu d ie d  changes
in  w all d e p o s it io n  and m icro tu b u le  o rg a n isa tio n  d u rin g  x y lo g en esis  in  
su sp e n s io n -c u ltu re d  Z inn ia  e leg an s . D if f e r e n t ia t io n  occurred  in  two 
b u r s ts ,  a t  4-6 days and 10-13 days a f t e r  c u l tu r in g . P ercen tage  and 
tim ing  o f d i f f e r e n t i a t io n  were extrem ely v a r ia b le , b u t th e  system 
c lo se ly  p a ra l le d  i n t a c t  sh o o ts  and ro o ts  w ith  regard  to  changes in  
m ic ro tu b u le  a ssay s  a sse sse d  du rin g  c e l l  d iv is io n , expansion and 
d i f f e r e n t i a t i o n .
These r e s u l t s  ag a in  h ig h lig h t  th e  value of su sp e n s io n -c u ltu re  
tech n iq u es  and th e  p o s s ib i l i ty  o f making m eaningful e x tra p o la t io n s  
from su sp e n s io n -c u ltu re d  t i s s u e  to  whole p la n ts .
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In tro d u c tio n  to  E xperim ental Work
Xyloglucans a r e  canplex , h e m ic e llu lo s ic  h e te ro p o ly sacch a rid e s  
which have a ^1 -4  lin k e d  glucan backbone w ith  e < -x y lo sy l re s id u e s  
a tta c h e d  to  th e  6 -p o s it io n  o f ^ -g lu c o sy l re s id u e s . A d d itio n a l 
fu c o sy 1 -g a lac to sy l re s id u e s  a re  p re sen t a tta c h e d  to  xylose in  seme 
sp e c ie s . The s t r u c tu r e s  o f many xy log lucans have been e lu c id a te d  
(Kooiman, 1960; Bauer e t  a l ,  1973; Watanabe e t  a l ,  1980; D a rv il l  
et_al_, 1980; Kato & Matsuda, 1976, 1977; O 'N e ill  & Selvendran,
1983, 1986), and th e  b io sy n th e s is  of th e  m olecule has a ls o  been 
s tu d ie d  by a number o f grcups (Ray, 1980; Hayashi & Matsuda (1981a & b ); 
Camirand & M aclachlan, 1986).
. I t  i s  l ik e ly  th a t  s e v e ra l enzymes, o r an enzyme com plex ,is 
invo lved  in  th e  sy n th e s is  o f such a complex m olecule, but s tu d ie s  of 
xyloglucan b io sy n th e s is  tend  t o  co n cen tra te  cn th e  a c tio n s  o f cne 
t r a n s f e r a s e ,  o r on th e  in te ra c t io n s  o f  n o t more than  two tr a n s f e r a s e  
enzymes. Ray (1980) examined a U D P-xylose:xyloglucan x y lo s y ltra n s fe ra s e  
a s so c ia te d  w ith  pea G olgi membranes and fcund i t s  a c t io n  was s tim u la te d  
by UDP-glucose. No s tim u la tio n  of t r a n s f e r  o f g lucose  frcm UDP- 
g lu co se  by UDP-xylose was found. Hayashi and Matsuda (1981a) in v e s t ig a te d  
a s im ila r  x y lo s y ltra n s fe ra s e  enzyme in  su sp e n s io n -c u ltu re d  soybean c e l l s  
and found i t s  a c tio n  was dependent upon th e  p resence  of UDP-xylose in  
in c u b a tio n s , c o n tra s tin g  w ith  th e  f in d in g s  of Ray. Hayashi and 
Matsuda (1981a) proposed th a t  the  xyloglucan  syn thase  complex t r a n s f e r s  
g lucose  and xylose a l t e r n a t e ly ,  whereas Ray proposed th a t  xy lo se  can be
t r a n s f e r r e d  to  a pre-fonned  glucan backbone. These c o n tra s tin g  
mechanisms fo r  t r a n s f e r  p rov ide  examples fo r  th e  two models o f w a ll 
s y n th e s is  proposed by Waldron and B re tt  (1985), which d e fin e  
sy n th e s is  by degree of p re c is io n .  "Im precise  s y n th e s is " , in v o lv in g  
enzymes s p e c i f ic  enough to  d e f in e  re s id u e s  and lin k a g e s  w ith  s id e  
ch ain s i r r e g u la r ly  a tta c h e d  and of v a r ia b le  le n g th , would perm it 
sy n th e s is  o f th e  backbone independen tly  of th e  s id e  chain s -  i . e .  
xyloglucan b io s y n th e s is  a s  v is u a l is e d  by Ray (1980). "P re c ise "  
sy n th e s is , in v o lv in g  sy n th e s is  o f id e n t i c a l ,  re p e a tin g  su b -u n its  
l in k e d  in  a p re c is e  manner, but of undefined  number, would n o t p erm it 
sy n th e s is  o f th e  backbone w ithou t concom itant a d d itio n  of s id e  ch ain s 
and n cn -g ly co sy l s u b s t i tu e n ts  -  i . e .  xyloglucan b io sy n th e s is  a s  
v is u a l is e d  by Hayashi and Matsuda (1981a). A re c e n t study of th e  
t r a n s f e r  o f fucose  from GDP-fticose t o  xyloglucan by Camirand and 
M aclachlan (1986) su g g es ts  t h i s  a l s o  occurs by an " im precise" 
mechanism, i . e .  by a d d it io n  o f fucose to  a preformed backbone. 
C la r i f ic a t io n  of th e  mode o f s y n th e s is  of t h i s  complex p o ly sacch arid e  
should in c re a s e  our unders tan d in g  o f c e l l  w a ll p o lysaccharide  
s y n th e s is  in  g e n e ra l.
The p re se n t th e s i s  r e p o r ts  th e  r e s u l t s  of experim ents in  v i t r o  
concerning th e  in c o rp o ra tio n  of th e  fo u r sugars which com prise bean 
xyloglucan frcm t h e i r  corresponding  su g ar n u c le o tid e s , by p a r t i c u la te  
enzyme p re p a ra tio n s  from dark-grown bean se e d lin g s , and bean suspension  
c u l tu re s .  C h a ra c te r is a tio n  of enzyme products i s  a ttem p ted  a s  f a r  a s  
p o s s ib le , and r e la te d  t r a n s fe ra s e  system s such as  UDP-glucose: J31-3
46
g lu c a n tra n s fe ra se  and U D P -xy lose:xy lan transferase  a re  a ls o  in v e s t ig a te d .  
I n te r a c t io n s  o f th e  t r a n s f e r a s e s  a re  s tu d ied  in  o rd er to  c l a r i f y  th e  
degree o f p re c is io n  o f s y n th e s is .  F in a lly , an a ttem p t i s  made to  
r e l a t e  enzyme tr a n s f e r a s e  a c t i v i t i e s  in  immature (u n d if fe re n t ia te d )  
t i s s u e  to  th o se  in  d i f f e r e n t i a t in g  m a te r ia l .
Chapter 2
MATERIALS AND METHODS
Chemicals and Sundries
14 -1UDP-D-[U C] xy lose  (258.7  mCi.mmol ) was purchased frcm
14New England N uclear, S tevenage, H erts , U.K. UDP-D-[U C]glucose 
( 12GBq. mmol1), UDP-D-[U1AC ]g a lac to se  (11.04 GBq.mmol"1) , GDP-D- 
[U^C] fucose (7 . A GBq.mmol” ^ ), D -[U ^C ]glucose (10 GBq.mmol"^),
D-[U^C] x y lose  (2.81 GBq.mmol” ^) and L -[U ^C ]phenyalan ine  (19 .4  
GBq.mmol )were purchased from Amersham In te rn a tio n a l, Amersham, U.K. 
N o n -ra d io a c tiv e ly - la b e lle d  sugar n u c le o tid e s  were purchased from 
Sigma.
A ll chem icals were o f a n a la r  or la b o ra to ry  g rad es, and were 
purchased a s  fo l lo w s :-  Agar, HEPES, BSA, EDTA, T r is ,  NaBH^,•ta n n ic  
a c id , DNP-lycine, b lue  d e x tra n , la rc h  xy lan , la m in a rin , g u a ia c o l, 
p h lo ro g lu c in o l, a l l  commercial enzyme p re p a ra tio n s  and hormones 
(w ith  th e  excep tio n  o f 2, 4-D) frcm Signa ’, DTT, Tween 80, A m berlite  
IR45 and IRA 120, cadmium oxide, e thy lene  diam ine, 2, 4-D and gum 
a c a c ia  from BDH Chemicals L td .,  Poole , England; Sephadex G25 and 
G100, Sepharose CL-2B and CL-6B from Pharmacia L td .,  Midsummer B oulevard, 
M ilton Keynes, Bucks*, PPO from In te rn a tio n a l  Enzymes, Windsor, B erk sh ire , 
England; c e l lu lo s e  powder from Machery-Nagel L td .,  Duren, FRG; B io -g e l 
P2 frcm Bio-Rad L a b o ra to rie s  L td . ,  Caxton Way, W atford, H e rtfo rd sh ire*  
tran s-c in n am ic  a c id  and 2, 6-d ich lo ro q u in cn ech lero im id e  frcm Koch- 
L ig h t L a b o ra to r ie s , Colnbrook, B ucks., and TLE p la te s  p re -c o a ted  w ith  
s i l i c a  g e l G from Camlab, Cambridge, U.K.
[1- H]xyl©d -  6 g lucose (isoprim everose) was a generous g i f t
frcm Dr. S .C . Fry, Department of Botany, Edinburgh U n iv e rs ity , and 
p u r if ie d  tam arind xyloglucan  was k in d ly  given by Dr. J .S .G . Reid, 
Department o f B io lo g ic a l Science , S t i r l i n g  U n iv e rs ity .
V isking tu b in g  was purchased frcm G r if f in  and George, F red e rick  
S t r e e t ,  Birmingham B1 3HT.
P la n t  M ate ria l
• Beans (P haseo lus v u lg a r is ) v a r  Canadian Wonder were su p p lied  by 
S in c la i r  McGill (Ayr, Sco tland) and a r r iv e d  p re - t r e a te d  w ith  
"L indare Thiram” . Peas (Pisum sativum ) v a r Alaska used fo r  c e l lu la s e  
p re p a ra tio n  were a l s o  su p p lied  by S in c la i r  M cGill. Beans fo r  hypocoty l 
p re p a ra tio n s  were soaked fo r  between 6 and 8 h in  ta p  w a ter, then 
subsequen tly  p lan ted  in  tra y s  (38 x 30 cm) which con tained  m o ist 
v e rm ic u lite , and grown in  darkness a t  22°C fo r  approx. 7 days. Peas 
fo r  c e l lu la s e  p re p a ra tio n  were t r e a te d  as  desc rib ed  (p . 56 ) .
Media
C allu s and suspension  c u ltu re s  were grown on th e  B5 medium of
-3Gamborg e t  a l  (1968), supplem ented w ith  2% su cro se , 2 mgdm 2, 4-D 
and 20# d e p ro te in is e d  coconut m ilk , a d ju s ted  to  pH 5 .5  befo re  a u to -  
c lav in g  a t  120°C fo r  20 m in. S o lid  media contained  1# a g a r , added 
befo re  a u to c lav in g . Induction  media were a s  desc rib ed  (p208 ) .
T issue C ulture
Seeds of P haseo lus v u lg a r is  were s u r f a c e - s te r i l i s e d  in  a b u ffe red
s o lu tio n  o f sodium hypoch lo ride  (1#) (M ilton, R ichardson-V icks L td ., 
Egham, Surrey) fo r  6 h. A fte r  washing in  d i s t i l l e d  w ater they  were 
p laced  on s t e r i l e  w a te r-ag a r a t  25°C in  th e  dark to  germ ina te . The 
c a l lu s  which formed a f t e r  3-4 weeks growth was removed from th e  
ex p lan t and t r a n s fe r r e d  to  f r e s h  medium. T h e re a fte r  p o rtio n s  o f 
approx. 1 g were t r a n s fe r re d  to  f re sh  medium every 4-6 weeks. To 
s e t  up su sp e n s io n -c u ltu re s , f r i a b l e  c a l lu s  was tr a n s fe r r e d  a f t e r  about 
4 s u b -c u ltu re s  in to  l iq u id  medium in  500 cm Erlenm eyer su sp en sio n - 
c u ltu re  f la s k s ,  r o ta t in g  a t  100 rpm a t  25°C. S u b -cu ltu rin g  of 
suspension  was i n i t i a l l y  c a r r ie d  out a f t e r  3-4 weeks, a f t e r  which th e  
in te r v a l  decreased  to  every 5 - 7  days.
P a r t i c u la te  Enzyme P r e p a ra t io n :-  1. Hypocotyls
3
Bean hypoco ty ls  (25 g) were excised  u sin g  s c is s o r s  in to  75 cm
-3  -3b u ffe r  c o n ta in in g  HEPES (100 mmoldm ) brought to  pH 6 . 8  w ith  1 moldm
-3  _3
KOH, d i th io th r e i t o l  (1 mmoldm ), EDTA (1 mmoldm ), sucro se  (0 .4  moldm
-30.1# BSA and MnCl^ (50 mmoldm ) .  Homogenisation was performed u s in g  
2 p asses of a P o ly tro n  K inem atica a t  s e t t in g  5 fo r  10 sec s . The 
hcmogenate was passed through four la y e rs  o f m uslin , and th e  f i l t r a t e  
was cen triftig ed  a t  97,000 x g (average) fo r  30 m in. P e l l e t s  were
3
resuspended in  hcm ogenisation  b u ffe r  (0 .5  cm ) .  A ll procedures were 
c a r r ie d  out a t  0-4°C.
P a r t i c u la te  Enzyme P re p a ra tio n  -  2. S uspension-C ultu re
S u sp en sio n -cu ltu re  c e l l s  were f i l t e r e d  through fo u r la y e rs  o f
m u slin , and f i l t e r e d - t i s s u e  was ground with acid-w ashed sand w ith  a
-3p e s t le  and m o rta r, in  an equal volume of T ris  (100 mmoldm ) a d ju s te d  
t o  pH 7 .5  w ith  HC1, o r in  th e  case of th e  x y la n -x y lo s y ltra n s fe ra s e
__3
p re p a ra tio n  in  potassium  phosphate (0.1 moldm ) pH 7 .2 , MnCl^
- 3  - 3  - 3(1 mmoldm ) ,  DTT (1 mmoldm ) , sucrose  f(0.4 moldm ) and 1% BSA.
A fte r  f i l t e r i n g  through m uslin  fo r  a second t i n e ,  th e  f i l t r a t e  was 
cen tr ifu g e d  f o r  30 min a t  97,000 xg. o r fo r  60 min in  th e  case o f  
th e  xylan—x y lo s y ltra n s fe ra s e  p re p a ra tio n . The p e l l e t  was resuspended 
in  b u ffe r  (0 .5  cm ) in  a g la s s  hcm ogeniser. A ll procedures were 
c a r r ie d  out a t  0-4°C.
Crude Enzyme P re p a ra tio n  fo r  S o lid  C allus and S uspension-C ultu res
C allus t i s s u e  or f i l t e r e d  su sp en sio n -cu ltu red  t i s s u e  frcm 
d i f f e r e n t ia t io n .  experim ents was ground w ith  acid-w ashed sand w ith  a 
p e s t le  and m o rta r in  an equal volume o f T ris/H C l, or potassium  phosphate 
b u f f e r  fo r  in v e s t ig a t io n  o f th e  x y la n -x y lo s y ltra n s fe ra s e . The 
hcmogenate was f i l t e r e d  through fou r la y e rs  o f m uslin  and th e  f i l t r a t e  
was added to  in c u b a tio n s , w ithou t c e n tr ifu g a tio n , a s  re q u ire d .
Enzyme Assays
X y lo g lu c an -x y lo sy ltra n sfe ra se
The s tan d a rd  in cu b a tio n  m ix tu re  co n s is ted  o f p a r t i c u la te  enzyme
3 -3  -3p re p a ra tio n  (50 mm ) ,  MnC^ (10 mmoldm ) , UDP-glucose (2 mmoldm )
1 a  _3
and UDP-D-[U C ]xylose (21 jimoldm , 740 Bq). This was used f o r  
hypocoty l and su sp e n sio n -c u ltu re  p a r t ic u la te  enzyme p re p a ra t io n s .
For crude p re p a ra t io n s  frcm suspension c u ltu re s  and c a llu s e s
3
in c u b a tio n  m ix tu re s  c o n s is te d  of enzyme p re p a ra tio n s  (500 mm ) ,
MnCl^ (1 .82  mmoldm- ^ ) ,  UDP-glucose (0 .36  mmoldm- ^) and UDP-D-[U^C]
«3
xy lose  (3.82jimoLdm , 740 Bq).
X yloglucan-glu  c o s y lt ra n s fe ra s e
The s tan d a rd  in cu b a tio n  m ix ture  fo r  hypocotyl p re p a ra tio n s
3 -3c o n s is te d  o f enzyme p re p a ra tio n  (50 mm ) , MnCl2 (10 mmoldm ) ,
UDP-D-[U1AC ]glucose (200.77 /imoLdnf3 , 925 Bq) and UDP-xylose (200
_3
jimoldm ) .  For p a r t i c u la te  p re p a ra tio n s  frcm s u s p e n s io n -c u ltu re 1
3p re p a ra t io n s  in c u b a tio n s  c o n sis te d  o f enzyme p re p a ra tio n  (50 mm ) ,
-3  -3  14MnClp (10>mmoLdm ) ,  UDP-glucose (2 mmoldm ) and UDP-D-[U C] g lu co se
^ -3
(200.77/imoLdm , 925 Bq). . The in cu b atio n  m ix ture  used fo r
in v e s t ig a t io n  o f  ^ (1 -3 )  g lucan b io sy n th e s is  in  d i f f e r e n t ia t io n  
experim ents u s in g  s o l id  c a l lu s  co n sis ted  o f enzyme p re p a ra tio n  
(500 mm^), UDP-D-[U^AC]glucose (36.5 jumoldm” ^, 925 Bq) and MnCl2
(1 .82  mmoldm- ^ ) .
X y lo g lu c a n -g a la c to sy ltra n s fe ra se
The s tan d a rd  in c u b a tio n  m ixture fo r  hypocotyl p re p a ra tio n s
3 -3c o n s is te d  o f  enzyme p re p a ra tio n  (50 mm ) , MnCl2 (10 mmoldm ) ,  UDP-
-3  -3  14g lu co se  (20;amoljdm ) UDP-xylose (20 jumoldm ) and UDP-D-[U C]
-3g a la c to s e  (0.841 jimoldm , 925 Bq). For su sp e n s io n -c u ltu re  
p re p a ra tio n s  a v a r ie ty  o f m ix tu res  was used a s  d esc rib ed  in  th e  t e x t .
Xyl oglu can-fti cosy l t r a n s f  e ra se
The s tan d a rd  in c u b a tio n  m ix tu re  fo r  hypocotyl enzyme p re p a ra -
3
t io n s  c o n s is te d  o f enzyme p re p a ra tio n  (50 mm ) , UDP-glucose
-3 _3 _3
(2 0 /imoldm ) ,  UDP-xylose (20 jumoldm ) , UDP-galactose (20^imoldm ) ,  
MnCl2 (10 mmoldm” 3) and GDP-D-[U1AC]fucose (1 .2 5 /imoldm”3 , 925 Bq).
For s u sp e n s io n -c u ltu re s  t h i s  was changed to  enzyme p rep a ra tio n
3 -3  -3(50 mm ) ,  UDP-glucose (2 mmoldm ) , UDP-xylose (2 mmoldm ),
UDP-galactose (2 mmoldm” 3) , MnCl2 (10 mmoldm ”3 ) and GDP-D- [U^AC]
-3flicose (1.25/Jmoldm , 925 Bq). For s o l id  c a l lu s  c u ltu re  p re p a ra tio n
and crude p re p a ra tio n s  from suspension  c u ltu re s  in cu b a tio n s  c o n s is te d
3 -3of enzyme p re p a ra tio n  (500 mm ) ,  UDP-glucose (0 .36  mmoldm ) ,  UDP-
-3  -3xy lose (0 .36  mmoldm ) f UDP-galactose (0 .36  mmoldm ) , MnCl2
(1 .82  mmoldm"’3 ) and GDP-D-[U^AC]fucose ( 0 .2 3 d moldm” 3 , 925 Bq).
X y la n -x y lo sy ltra n sfe ra se
The s tan d a rd  in c u b a tio n  m ix ture  c o n s is te d  o f enzyme p re p a ra tio n  
(50 mm3), MnCl2 (10 mmoldm” 3 ) and UDP-D-[U^AC ]xylose (0 .7 7 jammoldm”3 ,
740 Bq). For s o l id  c a l lu s  c u ltu re s  and crude p re p a ra tio n s  from
3
su sp e n s io n -c u ltu re s  in c u b a tio n s  comprised enzyme p re p a ra tio n  (500 mm ) ,  
M nd2 (1 .82  mmoldm” 3 ) and UDP-D-[U^AC]xylose (0.14pnol.dm  3 , 740 Bq).
3
In cu b a tio n s  were in  a  t o t a l  volume o f 100 o r 550 mm , made up
to  volume w ith  H20. In cu b a tio n s  were c a r r ie d  cu t a t  25°C and were
3
te rm in a ted  by a d d it io n  of 70$ (v/v) e th an o l (1 cm ) .  In sam ples 
re ta in e d  f o r  p roduct a n a ly s is ,  r a d io a c t iv i ty  in  in cu b a tio n s  was doubled . 
In c u b a tio n s  were perform ed in  d u p lic a te .
14E x trac tio n  o f [ C ]la b e lled  P o ly sacch arid es  a f t e r  In c u b a tio n : -
1. H em icellu lose  E x trac tio n
Term inated in c u b a tio n s  were cen tr iftig ed  a t  10,000 x g f o r  1 min.
3
Hie p e l l e t s  were e x tra c te d  tw ice  in  w ater (1 cm ), and then tw ice  in
3 •
70$ e th an o l (v /v ) (1 cm ) .  The p e l le t  was then e x tra c te d  tw ice  w ith
24$ (w/v) KOH (1 cm3) fo r  15 min a t  100°C. P e l le t s  were c en tr ifu g e d
a t  approx. 700  x g f o r  5 min. each tim e, and th e  su p e rn a ta n ts  were
3re ta in e d  and n e u tr a l is e d  w ith  g la c ia l  a c e t ic  a c id  (1 cm ) a f t e r  th e  
second e x tr a c t io n .  Pure e th an o l was added to  g ive  a 70$ s o lu t io n .
The s o lu t io n s  were then  l e f t  fo r  48 h a t  4°C w ith  approx. 50 mg 
c e l lu lo s e  powder added to  f a c i l i t a t e  p r e c ip i ta t io n .  A fte r 
p r e c ip i ta t io n ,  th e  s o lu t io n s  were c en tr ifu g e d  f o r  5 m in. a t  approx .
3
700 x g . The p e l l e t s  were resuspended in  pure e th an o l (0 .5  cm )
3
and t h i s  was added to - w ater (0 . 5  cm ) b e fo re  m easuring r a d io a c t iv i ty  
in c o rp o ra te d  by counting  on a s c i n t i l l a t i o n  sp ec tro m ete r.
E x trac tio n  o f  [^AC ]la b e lled  Polysaccharides A fte r  In c u b a tio n : -
2. T o tal P o ly sacch a rid e
Term inated in c u b a tio n  m ix tu res  were cen tr ifd g e d  a t  10,000 x g
fo r  1 min. The p e l l e t s  were washed f iv e  tim es in  70$ (v/v) e th an o l
3
(1 cm ) , and then fo u r tim es in  w ater to  remove th e  m a jo rity  o f  th e  
r a d io a c t iv i ty  and any low m olecu lar w eight p ro d u c ts . Measurement 
o f in c o rp o ra tio n  o f  r a d io a c t iv i ty  in to  t o t a l  po ly sacch arid e  was 
ach ieved  by coun ting  on a s c i n t i l l a t i o n  spectrom eter.
CentrifX igation
S edim entation  o f membranous m a te r ia l  a t  97,000 x g (average) 
invo lved  th e  u se  o f a  Sorval OTD 65-B u l t r a - c e n t r i f u g e  and AH627 r o to r .
Sedim entation  o f  m uslin  f i l t r a t e  fo r  th e  pea c e l lu la s e  
p re p a ra tio n  a t  13,000 x g involved  th e  use  o f an MSE-40 c e n tr ifu g e .
C en tr ifu g a tio n  at- 10,000 x g du ring  trea tm en t o f te rm in a ted
3in c u b a tio n s  was ach ieved  u s in g  an Eppendorf m icrofuge and 1 .5  cm 
Eppendorf pb ly thene  v i a l s .
Sedim entation o f p re c ip i ta te d  h em ice llu lo se  was c a r r ie d  cu t a t
3
100 x g u sin g  an MSEnninor S c e n tr ifu g e  and 10 cm c o n ic a l tu b e s .
P rep a ra tio n  o f Samples fo r  Enzyme/Acid H ydrolysis
P e l le t s  to  be re ta in e d  fo r  a n a ly s is  were counted in  to lu en e  
s c i n t i l l a n t .  A fte r  counting  samples were c en tr ifu g e d  a t  10,000 x g 
fo r  1 min, and then  e x tra c te d  tw ice in  pure e th an o l. A fte r  a  f u r th e r  
c e n tr ifu g a tio n , e th an o l was removed and th e  p e l le t s  were d r ie d  in  a i r  
a t  reduced p re ssu re  o v e rn ig h t.
T o ta l Acid H ydro lysis  o f P o ly saccharide
T o tal a c id  h y d ro ly s is  was c a r r ie d  out in  t r i f l u o r o a c e t i c  a c id
_3
(2 moldm ) in  se a le d  R e a c ti-v ia ls  (P ie rce  & W arriner (U.K.) L td .,  
C h es te r) . The sam ples were au toclaved  a t  120°C fo r  1 h o r more,
56
a f t e r  which th e  non-hydrolysed  m a te r ia l  was removed by c e n tr ifu g a tio n  
a t  10,000  x g f o r  5 min, and th e  h y d ro ly sa te  was evaporated  to  d ryness 
under reduced p re ssu re .
P rep a ra tio n  o f Pea C e llu la se  f o r  Enzyme H ydrolysis
Pea c e l lu la s e  was prepared u s in g  a m o d if ic a tio n  o f th e  method o f
Byrne e t  al_ (1975). Pea seeds were soaked and grown on m oist v e rm ic u lite
in  darkness a t  room tem peratu re  fo r  f iv e  days. The s e e d lin g s  were
—3then  sprayed w ith  0.1% 2, 4-D, 0.1$ Tween 80, and 0.1 mol.dm NaCl,
3a d ju s te d  t o  pH 7. Approx 10 cm spray  were used per 500 s e e d lin g s ,
which were then  l e f t  fo r  a f u r th e r  5 days. S eed ling  a p ic e s  (20 g)
were then  ex c ised  and homogenised in  2 volumes o f b u ffe r  c o n ta in in g
-3sodium phosphate (20 mmoldm ) pH 6 .2 , 1$ g lu co se  and 5$ g ly c e ro l ,  
u s in g  two passes of 10 seconds a t  speed 5 o f a P o ly tron  K inem atica.
T.he hcmogenate was passed through fo u r la y e r s  o f m uslin , and then  th e  
f i l t r a t e  was c e n tr ifu g e d  fo r  10 min a t  13,000 x g . The su p e rn a ta n t 
was re ta in e d . A ll procedures were c a r r ie d  o u t a t  2-4°C.
Assessment o f Pea C e llu la se  A c tiv ity
The a c t i v i t y  o f  e x tra c te d  pea c e l lu la s e  was assayed  v i s  come t r i c a l l y
3
u s in g  a Volac sem im icrovisconeter.To 2 .7  cm o f a  1$ so lu tio n  of
3
carbox y m eth y lce llu lo se  was added 0 .3  cm o f pea c e l lu la s e  p re p a ra t io n ,
and th e  r e s u l t in g  drop in  v is c o s i ty  was measured a t  in t e r v a l s  over an
3 3hour. As a  c o n tro l ,  0 .3  cm phosphate b u ffe r  was added to  2 .7  cm
carboxymethyl c e l lu lo s e .  The re s u l t in g  change in  v is c o s i ty  was
recorded  (F ig .1 ) .  With f re s h  enzyme o r  enzyme fro zen  fo r  48 h , a
Figure 1
R eduction in  v is c o s i ty  o f carboxym ethy lce llu lo se  by pea c e l lu la s e  
enzyme p re p a ra tio n
( A --A  )c o n tro l :  ca rboxym ethy lce llu lo se  + b u ffe r
(----- # --#  ) :  carb o x ym ethy lce llu lo se  + f re s h  enzyme
( O-O ) :  carboxym ethy lce llu lo se  + f re s h  enzyme
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ra p id  drop in  v is c o s i ty  took  p lace  over th e  f i r s t  5 min. o f in c u b a tio n , 
fo llow ed by a slow er d ecrease  over th e  nex t AO min. The i n i t i a l  drop 
was more marked w ith  f re sh  enzyme, but o v e ra ll  th e re  was l i t t l e  
d if f e re n c e . Samples in cu b ated  w ith b u ffe r  showed no re d u c tio n  in  
v is c o s i ty  over AO m in.
D ia ly s is  of Pea C e llu la se  P rep a ra tio n
Where p e a -c e llu la se - in c u b a te d  po ly sacch arid e  was to  be analysed
by paper chrom atography, g lu co se  and g ly c e ro l were removed from th e
c e l lu la s e  p re p a ra tio n  b e fo re  in c u b a tio n . T his was done by d i a ly s i s .
Pea c e l lu la s e  p re p a ra tio n  was p ip e tte d  in to  V isking tu b in g  and d ia ly se d
-3a g a in s t  sodium phosphate pH 6 .2  (20 mmoldm ) f o r  3 days, w ith  c o n s ta n t 
s t i r r i n g .  The sodium phosphate was changed tw ice a day. Enzyme 
a c t i v i t y  was assayed  v is c o m e tr ic a lly  and found to  be u n a ffe c ted  by 
d ia ly s i s .
1AEnzyme H ydro lysis  o f  [ C ]lab e lled  P o ly sacch arid e
Enzymic h y d ro ly s is  w ith  d r is e la s e  (Sigma) was c a r r ie d  out w ith
-3  350 mg d r is e la s e  powder in  50 mmoldm a c e ta te  b u ffe r  (1 cm ) a d ju s te d
to  pH A. 5 w ith  NaOH. The powder was d isso lv ed  in  b u ffe r , l e f t  t o
s e t t l e  a t  room tem p era tu re  fo r  10 min, then  c en tr ifu g e d  a t  10 ,000  x g
f o r  1 min to  remove c a r r i e r  m a te r ia l .  The su p ern a tan t was removed
and added to  th e  p o ly sacch arid e  p e l l e t .  In cu b a tio n  was g e n e ra lly
c a r r ie d  out o v e rn ig h t, a t  25°C, then b o iled  to  te rm in a te .
Enzymic h y d ro ly s is  w ith  lam in a rin ase  (Sigma) was c a r r ie d  out
_3
w ith  10 mg la m in a rin a se  in  a c e ta te  b u f fe r  (50 m m ol/im  ) , pH A.5.
3
In  g e n e ra l 1 an enzyme so lu tio n  was added to  p o ly saccharide  p e l l e t s .  
Where n o n - ra d io a c tiv e ly - la b e lle d  samples o f p u r if ie d  tam arind 
xy log lucan , c e l lu lo s e  powder or lam in arin  were hydrolysed , 10 mg
3
o f  each was in cu b a ted  w ith  1 cm enzyme. In cu b a tio n s  were 
te rm in a ted  by b o i l in g  fo r  5 min.
Enzymic h y d ro ly s is  w ith  Trichoderma v i r id e  (Sigma) was c a r r ie d
-3  3ou t w ith  5 rgg enzyme powder in  50 mmoldm (1 an ) b u ffe r  pH 3 .5  
(1 cm^) fo r  24 h a t  60°C. In cu b a tio n s  were te rm in a ted  by b o i l in g  fo r  
5 m in.
Enzymic h y d ro ly s is  w ith  P ro te in ase  K (Sigma) was c a r r ie d  ou t
-3  3w ith  0 .5  mg P ro te in a se  K in  10 mmoldm Tri/H C l, pH 7 .5  (1 an ) .
P ro te in a se  k d ig e s t io n  was performed a t  25°C fo r  2 h , or o v e rn ig h t.
In cu b a tio n s  were te rm in a ted  by b o il in g  fo r  5 min, o r by a d d it io n  o f
100% cad oxen (0 . 5  cm ) to  in cu b a tio n s  i f  th e  sample was to  be an a ly sed
by g e l - f i l t r a t i o n .
S ep ara tio n  o f  O lig o sacch arid es  by Descending Paper Chromatography
O lig o sacch arid es  produced by enzymic h y d ro ly s is  where a wide 
range o f product s iz e s  was a n t ic ip a te d  were sep a ra ted  fo r  48 h in  
Solvent A -  butan -1 - o l/p y r id in e /w a te r ,  4 :3 :4  by volume (L e lo ir  e t  a l , 
1971). Where mono- and d isac c h a rid e  p roducts were to  be s e p a ra te d , 
Solvent B was used -  b u ta n -1 -o l/p y r id in e /w a te r , 6 :4 :3  by volume
(L e lo ir e t _ a l , 1971) fo r  24 h . S ep a ra tio n  of th e  x y lan -h y d ro ly sa te  
s e r ie s  was achieved by running fo r  24 h in  Solvent C -  e th y la c e ta te /  
p y rid in e /w a te r , 10 :4 :3  by volume (Dalessandro & N orthcote, 1981).
S epara tion  o f  M onosaccharides by Descending Paper Chromatography
M onosaccharides produced by t o t a l  a c id  h y d ro ly s is  were sep a ra ted  
f o r  24 h in  Solvent D -  e th y la c e ta te /p y r id in e /w a te r , 8 :2 :1 .  Sugars 
were sep a ra ted  from sugar a lc o h o ls  fo r  8 h in  Solvent E -  e th y l  m ethyl 
k e to n e /a c e t ic  a c id / s a t .  b o ric  a c id , 9 :1 :1  (Rees & Reynolds, 1958).
P rep a ra tio n  o f  M alto -o lig o sacch arid e  Markers fo r  Descending Paper 
Chromatography
To p repare  m a lto -o lig o sa cc h a rid e  m arkers fo r  m olecu lar w eight
3
es tim a tio n , 3% H^SO  ^ (1 cm ) was added to  fou r c o n ic a l g la s s  tu b es  
co n ta in in g  100 mg s ta rc h  powder. The tu b es  were l e f t  a t  room 
tem peratu re  fo r  15, 30, 60 min and o v e rn ig h t. The re a c t io n  was 
term inated  by n e u t r a l i s a t io n  w ith  A m berlite 1R 45 ion-exchange r e s in
3
in  th e  b ica rb o n a te  form. The so lu tio n  (5 mm ) was then  used as 
re q u ire d .
D etection  o f  Sugar Markers
3 -3Marker su g a rs , 10 mm , were used a t  a co n cen tra tio n  o f 10 mg.cm ,
and a long  w ith  enzyme h y d ro ly sa te  m arkers were d e tec te d  by th e  method
o f  Trevelyan e t  a l  (1950). Chromatograph sh e e ts  were passed th rough  a
bath  o f acetone s a tu ra te d  w ith  silver n i t r a t e  and allow ed to  d ry . They
were then  passed th rough  a bath  co n ta in in g  0.5$ NaOH. On d ry in g  th e
sugars showed up a s  grey/brown s p o ts .
E lu tio n  o f  R a d io a c tiv ity  frcm Paper Chromatograms
S tr ip s  o f  chromatography paper which had been counted in  
toluene/PPO  s c i n t i l l a n t  were washed th re e  tim es in  s u lp h u r- f re e  
to lu e n e  to  remove th e  s c i n t i l l a n t .  The rem aining to lu en e  was then  
allow ed to  ev ap o ra te . The s t r i p s  were a g i ta te d  in  w ater (3 cm per 
s t r i p )  f o r  5 min, th re e  tim es . The washings were re ta in e d  and 
c e n tr ifu g e d  a t  7 ,0 0 0  x g f o r  5 min. to  remove paper p a r t i c l e s .
The w ashings were d ried , by ro ta ry  ev apora tion  a t  40°C.
E stim ation  o f  R a d io a c tiv ity
P e l l e t s  o f  w a te r - in so lu b le  m a te r ia l produced in  in c u b a tio n s  
from su sp e n sio n -c u ltu re d  t i s s u e ,  o r o f p re c ip i ta te d  h e m ic e llu lo se , 
were vortex-m ixed w ith  5 . 5  cm o f s c i n t i l l a t i o n  f lu id /w a te r  ( 1 0 : 1 , v /v ) .  
The s c i n t i l l a t i o n  f lu id  used was Koch-Light xy lene-based  s c i n t i l l a n t .
Samples which were to  be re ta in e d  fo r  a n a ly s is  a f t e r  coun ting
3
were washed twice in  pure e thano l and then  d is so lv e d  in  1 cm
s c i n t i l l a t i o n  f lu id ,  c o n s is tin g  o f PPO in  to lu e n e  (Sulphur - f r e e )
-3(Ag.dm ) (H a rris  & N orthco te , 1970). S t r ip s  o f chromatography paper 
o r  th in  la y e r  e le c tro p h o re s is  p la te  s t r i p s  were l ik e w ise  counted in
3
1 cm to lu e n e  s c i n t i l l a n t .
A ll sam ples were counted fo r  r a d io a c t iv i ty  in  a  Packard l i q u id -  
s c i n t i l l a t i o n  spec tro m ete r, model 3380.
Cadoxen S o lu b i l i s a t io n  o f  H em icellu lose
Cadoxen was prepared  by th e  method o f  Wood and McCrae (1978).
3
To make approx. 1 dm o f  cadoxen, e th y len e  diam ine (280 g ) ,
3
cadmium oxide (100  g) and w ater (720 cm ) were s t i r r e d  a t  room 
tem peratu re  f o r  3 h, and then a t  4°C f o r  18 h . The m ix ture  was 
allow ed to  s e t t l e  and th e  su p ern a tan t ( 100/6 cadoxen) decanted and 
s to re d  a t  4°C.
To s o lu b i l i s e  p o ly sacch arid e , th e  d rie d  p e l l e t  was mixed w ith
3
0 .25  cm cadoxen and so n ica te d  fo r  3-4 days a t  room tem p era tu re .
Gel F i l t r a t i o n
A n alysis  o f pea c e l lu la s e  hydrolysed p roducts  involved  th e  u se
o f Sephadex G-25 g e l m edia, u sing  a column 1 x 50 cm w ith  a flow  r a te  
3 -1o f approx. 0 .5  cm min a t  room tem p eratu re . The running b u ffe r  was 
th a t  used fo r  th e  c e l lu la s e  p re p a ra tio n .
14E stim ation  o f th e  m o lecu lar w eight o f  th e  ( C) x y lo s e - la b e lle d
c ad o x e n -so lu b ilise d  product was performed u s in g  Sepharose CL-6B
and CL-2B g e l  f i l t r a t i o n  m edia. The u se  o f th e  c ro s s - l in k e d  form o f
sepharose preven ted  s o lu b i l i s a t io n  o f th e  g e l - f i l t r a t i o n  media by th e
cadoxen. Columns measured 25 x 1 cm. P ro te in a se  K d ig e s ted  p roduct
was an a ly sed  u s in g  sepharose CL-6B and CL-2B in  48 x 1 cm columns.
For both an a ly se s  sam ples were run in  50% cadoxen w ith  blue d ex tran
and d in itro p h e n y lly c in e  were used a s  m arkers. The flow  r a te  o f
3 - 1columns was approx 0 . 5  cm min .
63
r 1 4 iA n aly sis  o f GDP-D-LU CJfucose in cu b atio n  p roduct in v o lv ed  th e
u se  o f Sephadex G100 g e l m edia, u sing  a column 1 x 15 cm w ith  a flow
3r a te  of approx. 0 . 5  cm min , e lu t in g  w ith  w ater.
14A n aly sis  o f  ( C) fu c o s e - la b e lle d  samples which had been d ig e s te d
w ith  c e l lu la s e  was a c h ie v e d  u s in g  B io-gel P2 g e l f i l t r a t i o n  media
u sin g  a column 150 x 1 cm. D is t i l l e d  w ater was used fo r  e lu t io n ,  and
3 -1th e  column had an e lu t io n  r a t e  o f approxim ately  0 .4  cm h r  .
Ion Exchange
To p rep a re  A m berlite  IR45 in  th e  b ica rb o n a te  form fo r  n e u t r a l i s in g
s o lu tio n s , th e , r e s in  was washed w ith  96£ e thano l and then washed tw ice
-3w ith  w a ter. I t  was soaked ov ern ig h t in  NaHCO  ^ (0.1 mol#dm ) and th en  
washed te n  tim es w ith  d i s t i l l e d  w a ter. Resin was added to  th e  
so lu tio n  to  be n e u tr a l is e d  u n t i l  i t  was d e tec ted  a s  n e u tr a l  w ith  . 
l i tm u s  paper.
D e io n isa tio n  o f s o lu tio n s  was achieved  u s in g  Anfcerlite 1R120 
f o r  removal o f c a t io n s , and A m berlite 1RA 400 fo r  removal o f a n io n s .
The re s in s  were packed in to  g e l - f l l t r a t i o n  columns. A m berlite  1R 120
_3
was trea ted  f o r  30 min w ith  HC1 (0.1 moldm ) and then  washed w ith  
two o r more column volumes o f  w a te r , u n t i l  th e  e lu a n t was n e u t r a l .
3
Samples were passed through th e  re s in  in  a t o t a l  volume o f  10 cm and
two fu r th e r  column volumes o f w ater were then  passed th rough to  e lu te  .
th e  d e io n ised  m a te r ia l .  A m berlite  1RA 400 was t r e a t e d  w ith  HG1 
-3(0.1 moldm ) fo r  30 min, washed w ith  w ater t i l l  th e  e lu an t was n e u t r a l ,
-3th en  t r e a te d  w ith  NaOH (0.1 moldm ) fo r  30 min. A fte r  w ashing w ith
3w ater t i l l  n e u t r a l ,  th e  sample was passed through (10 cm ) w ith  two 
column volumes o f w a te r .
Phenol Method fo r  Sugar E stim ation
Sugars and o lig o sa c c h a r id e s  in  f r a c t io n s  from g e l f i l t r a t i o n  
columns were d e te c te d  by th e  phenol method o f  Dubois a t  a l  (1956).
3
A so lu tio n  o f 5% phenol (w/v) (1 cm ) was added to  th e  t e s t  s o lu t io n .
3
C oncentrated  (5 cm ) was added ra p id ly  onto  th e  su rfa ce  to
f a c i l i t a t e  m ixing. This was allow ed to  cool fo r  10 min a t  room 
tem p era tu re , and th en  p laced  in  a w ater ba th  a t  25-30°C fo r  10 min.
The o p t ic a l  d e n s ity  was read  a t  490 nm on a Pye Unicam SP8-500.
Borohydride Reduction o f R a d io a c tiv e ly - la b e lle d  Xylose Marker
14 -3A m arker was produced from [ C ]- la b e lle d  xy lose  (2 .6  mmo],dm ,
7 .4  KBq), by f i r s t  in c u b a tin g  fo r  1 hour a t  room tem peratu re  w ith
-3  31 mo^dm aqueous NH  ^ (0 .5  cm ) and NaBH  ^ (10 mg). A fte r  in c u b a tio n ,
g la c i a l  a c e t i c  a c id  was added dropwise to  n e u t r a l i s e  th e  s o lu t io n ,
which was th en  ro ta ry  evaporated  to  dryness fo u r tim es w ith  r e d i s t i l l e d
3
methanol (10  cm ) .
Borohydride R eduction o f R a d io a c tiv e ly - la b e lle d  D isacch arid es
D isaccharide  samples were reduced fo r  1 hour a t  room tem p eratu re
-3  ' 3w ith  1 mo!Udm aqeous NH2 (0 .5  cm ) and NaBH  ^ (10 mg). The s o lu tio n
was n e u tr a l is e d  w ith  g la c ia l  a c e t ic  a c id , then  ro ta ry  evaporated  to
3
dryness fou r tim es w ith  r e d i s t i l l e d  methanol (10 cm ) .  To t h i s  was
3
added 3% H2S0^ (1 cm ) ,  and th e  so lu tio n  was au to c lav ed  fo r  1 hour.
N e u tra l is a t io n  was c a r r ie d  o u t w ith A m berlite  1R45 r e s in .  The 
e lu a te  was ro ta ry  ev arp o ra ted  to  d ry n ess .
T h in -la y e r E le c tro p to re s is
E le c tro p h o re s is  was c a r r ie d  out on p l a s t i c  sh e e ts  p re -c o a ted
with* s i l i c a - g e l  G (Camlab, Cambridge, U.K.) a t  300 V fo r  4 h o u rs .
The b u ffe r  c o n s is te d  o f p y r id in e /a c e t ic  a c id /w a te r  (1:10:90 by v o l . ) .
-3M arkers (10 j i l  o f  10 mgcm xylose and UDP-xylose) were lo ca ted  by 
sp ray ing  th e  p la te s  w ith  m ethanolic  0.555 cA -n ap th o l, a llo w in g  to  d ry , 
sp ray ing  w ith  10/5 (v /v ) in  m ethanol, and d ry ing  a t  between
70 and 110°C;
P ro d u ctio n  o f  C e llu lo se  Oligomers
A range o f  c e l lu lo s e  o ligom ers o f  vary ing  s iz e  was produced
3
by h y d ro ly sin g  c e l lu lo s e  powder (1 g) w ith  3% (1 cm ) a t  room
tem p era tu re , fo r  v a ry in g  le n g th s  o f  tim e up to  60 m in. H ydro lysis  
was te rm in a ted  by a d d itio n  o f  A m berlite 1R 45 in  th e  b ica rb o n a te  form .
P re -In c u b a tio n  o f  P a r t i c u la te  Enzyme P re p a ra tio n
P a r t i c u la te  enzyme p re p a ra t io n s  were made from suspensiQ n-
3
c u ltu re d  t i s s u e  a s  d e sc rib ed  (p . 50) and were resuspended in  0 .5  cm
b u f f e r .  To each was added the  re le v a n t  p re - in c u b a tio n  com ponents,
-3  -3  -3i . e .  10 nmol .dm M nd^, 2 mmol .dm UDP-glucose and 2 mnol.dm
GDP-glucose, depending on th e  tre a tm e n t. P re - in cu b a tio n  was c a r r ie d
out a t  25°C o r a t  0-4°C in  polypropylene c e n tr if tig e  tu b e s . At the
end o f th e  p re - in c u b a tio n  (20-50 m in), c e n tr if tig e  tubes were topped
up w ith  ic e -c o ld  b u f fe r  and cen tr ifu g e d  fo r  a second tim e, a t  9 7 ,000
3
x g , fo r  30 min. P e l l e t s  were resuspended in  0 .5  cm b u ffe r , and 
added to  in c u b a tio n s  a s  re q u ire d .
Measurement of P ro te in
To measure p ro te in  in  enzyme p re p a ra tio n s , th e  Tannin a ssay  method 
of M ejbaum-Katzenellenbogen and Dobryszycka (1959) was employed.
Tannin reag en t was made by d is so lv in g  ta n n ic  ac id  (20 g) and phenol
(4 g) in  196 cm'* HC1 (IN ), h e a tin g  to  80°C and f i l t e r i n g .  P ro te in
.. ^
to  be measured was d is so lv e d  in  a t o t a l  o f 1 cm b u ffe r  or H^O, and 
brought to  30°C in  a  w a te rb a th . To t h i s  was added 1 cm** o f th e  ta n n in  
re a g en t, a ls o  a t  30°C, and th e  so lu tio n  was incubated  fo r  10 min.
To te rm in a te  th e  in c u b a tio n , 1 cm of gum a c a c ia  (0.2$ w/v in  H^O) was 
added. The tu r b id i ty  of th e  so lu tio n  was then measured a t  500 nm in  
a Pye Unicam S pectrophotom eter, SP8-500. Samples were expressed  a s  
/ i g BSA e q u iv a len ts  by comparison w ith  a c a l ib ra t io n  curve (F ig .2 ) .
D etec tion  o f L ign in  by P h lo rog luc ino l/H C l S ta in in g
P h lo ro g lu c in o l (5 d rops) was added to  su sp e n s ic n -c u ltu re  t i s s u e  
c e l l s  cxi a m icroscope s l id e .  This was follow ed by 5 drops o f 50$ HC1, 
then a fu r th e r  5 drops o f p h lo ro g lu c in o l. T issue was observed fo r  
c h a r a c te r i s t i c  pink s ta in in g  under a Z eiss  Photcm icroscope I I  on phase 
c o n tra s t  a t  x 192 .
Figure 2
C a lib ra tio n  curve fo r  e s tim a tio n  o f p ro te in  in  samples determ ined 
by tan n in  a ssay .
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D eterm ination  o f  Phenol by E x trac tio n  in  Sodium Hydroxide S o lu tio n
Phenol a n a ly se s  o f  su sp en sio n -cu ltu red  t i s s u e  were perform ed 
u s in g  a m o d if ica tio n  by S ta ffo rd  (1960) o f  th e  method o f  G e ire r  C195A) 
fo r  n a tiv e  l ig n in  p re p a ra t io n s . Samples o f  t i s s u e  were d rie d  o v e r­
n ig h t a t  60°C and then  50 mg o f  d r ie d  t i s s u e  was e x tra c te d  th re e  tim es
3
w ith  w a te r . The re s id u e  was e x tra c te d  f o r  16 h w ith  0.5N NaOH (2 cm ) .
3 -3  3Samples o f  th e  e x t r a c t  (1 cm ) were added to 0 .5  mol .dm NaOH (1 cm ) .
3
Samples o f  th e  e x t r a c t  (1 cm ) and f re s h ly  p repared  e th a n o lic  s o lu t io n
-3  3(26 jugan ) o f  2 , 6-d ich lo roqu inonech lo ro im ide  (1 cm ) and were
incubated  f o r  1 h a t  room tem p era tu re . The e x tin c t io n s  a t  610 nm were
measured on a Pye Unicam Spectrophotom eter, SP8-500. The q u a n t i t i e s
o f  phenols p re se n t in  the  s o lu tio n s  were expressed  in  term s o f  p g  o f
g u ia c o l by comparison w ith  a s tandard  curve (F ig .3 ) .
Assay f o r  P h en y la lan in e  Ammonia-Lyase A c tiv i ty
The a ssa y  f o r  p h en y la lan in e  arrm onia-lyase a c t i v i t y  was adopted 
from Bevan and N orthcote (1979)• F i l te r e d  suspension  c u ltu re d  t i s s u e
3
(1 g f r e s h  w eighty were ground w ith  a l i t t l e  acid-w ashed sand in  1 cm 
100 mmol.dm” ^  T ris/H C l con ta in in g  m ercap toethanol pH 8 . 8  a t  4°C.
The homogenate was c en tr ifu g e d  a t  10,000 x g^  f o r  1 min and th e  su p e r-
-3n a ta n t  was used f o r  th e  enzyme a ssa y . The a ssa y  con tained  38 .5  mmol .dm
-3Tris/H C l and 3 .9 mmol.dm L -phenyla lan ine  , co n ta in in g  A.27 KBq , in  a  
t o t a l  volume of 60 ju l. The assay  was s ta r te d  by in cu b a tio n  a t  38°C 
stopped a f t e r  2 h by d ry ing  th e  e n t i r e  assay  m ix tu re  onto a  s i l i c a  g e l  t h i n -  
la y e r  p la te .  A so lu tio n  o f  \% cinnam ic a c id  was s treak ed  th rough  th e  
o r ig in ,  and the  chromatogram was developed in  to lu e n e : e th y l  fo rm ate : fo rm ic
F igure 3
G uaiacol c a l ib r a t io n  curve f o r  e s tim a tio n  o f 'p h e n o l con ten t 
o f  sam ples
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a c id , 70:20:10 v /v /v .  Cinnamic ac id  has an Rf o f 0 .6  in  t h i s  so lv en t 
w h ile  phen y la lan in e  rem ains a t  th e  o r ig in .  The cinnam ic a c id  was 
v is u a l is e d  under u l t r a v i o l e t  l i g h t ,  then  TLC p la te s  were cu t in to  0 .5
3
cm s t r i p s  and counted in  to lu e n e  s c i n t i l l a n t  (0 .3  cm ) .
PAL a c t i v i t y  was expressed  a s  percen tage  conversion  r a te  to  
cinnam ic a c id , o r more a c c u ra te ly  a s  nmol o f  cinnam ic ac id  produced 
mg p ro te in .
Chapter 3
XYLOGLUCAN BIOSYNTHESIS BY A PARTICULATE ENZYME PREPARATION
FROM PHASEDLUS VULGARIS: -
PRELIMINARY INVESTIGATION USING HYPOCOTYLS
In c o rp o ra tio n  o f R a d io a c tiv ity  from Four R ad io ac tiv e ly -L ab e lled  
Sugar N u c leo tid es  by a P a r t i c u la te  Enzyme P re p a ra tio n  frcm 
P haseo lus v u lg a r is
The b io sy n th e s is  of xyloglucan from UDP-glucbse and UDP-xylose 
has p rev io u s ly  been s tu d ie d  by Hayashi and Matsuda (1981a) in  
su sp e n s ic n -c u ltu re d  soybean c e l l s .  A m odified  v e rs io n  o f t h e i r
method was used to  in v e s t ig a te  in c o rp o ra tio n  of g lu co se , x y lo se ,
1A 1Ag a la c to se  and fucose from UDP-D-[U C] g lu co se , UDP-D-[U C] x y lo se ,
1A 1AUDP-D-[U C ]g a lac to se  and GDP-D-[U C] fucose by a bean hypocoty l
-3p a r t ic u la te  enzyme p re p a ra t io n . Thus HEPES b u ffe r  (100 mmol.dm ) 
was used  a t  pH 6 . 8  f o r  hcm ogenisatiog and resu sp en sio n  of membrane 
p e l l e t s .  In cu b a tio n  co n ten ts  were a s  d e sc rib ed  (Ch.2 p .52 ) and 
in c u b a tio n s  were te rm in a ted  a t  0, 30, 60 and 120 m in. R a d io a c tiv ity  
in c o rp o ra te d  was recorded  (F ig . 1a -  d) and pmol in c o rp o ra tio n  a t  
60 m in. c a lc u la te d  to  f a c i l i t a t e  comparison o f in c o rp o ra tio n  le v e l s  
(Table 1 ).
In c o rp o ra tio n  g e n e ra lly  in c reased  w ith  tim e up to  30 m in. then
1Ale v e l le d  o u t. In c o rp o ra tio n  of r a d io a c t iv i ty  from UDP-D-[U C]
1Ag lu co se  and UDP-D-[U C] g a la c to se  was a t  a  much h ig h e r le v e l  than 
frcm UDP-D-[U^C] xy lose and GDP-D-[U^C] fucose .
E f fe c t o f UDP-xylose on in c o rp o ra tio n  o f r a d io a c t iv i ty  frcm UDP-D- 
1A[U Cj g lucose
A p a r t ic u la te  enzyme p rep a ra tio n  from bean hypoco ty ls  was 
incubated  w ith  two in cu b a tio n  m ix tures fo r  0 , 5 , 15 or 30 m in.
F igure 1
Time course  o f in c o rp o ra tio n  of r a d io a c t iv i ty  in to  hem ic e l lu lo s e  
by p a r t i c u la t e  enzyme p re p a ra tio n  frcm bean h y p o co ty ls , from 
fc u r  in c u b a tio n  m ix tu re s : -
a) UDP-D-[U^C]glucose (202jamoldm- 3 , 1,850 Bq), MnCl2
-3  -3(10 mmoldm ) and UDP-xylose (200 jomoljdm )
14 _3
b) UDP-D-[U C ]xylose (201 ^imoldm , 740 Bq) MnCl2
-3  -3(10 mmoldm ) and UDP-glucose (2 mmoldm )
c) UDP-D-[U1Aq g a la c to s e  (1 .7  JJmoldm- 3 , 1,850 Bq), MnCl2
-3  -3(10 mmoldm ), UDP-glucose (20 ^pmoldm ) and UDP-xylose
(20 jimoldm"*3 )
d) GDP-D'-[U^C] fucose  (2 .5  ^iraoldm”3 , 1,850 Bq), MnCl2
-3  -3(10 mmoldm ) ,  UDP-glucose (20 pmoldm ), UDP-xylose
-3  -3(20^imoldm ) and U D P-galactose (2 0 ^ o ld m  ) .
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Table 1
In c o rp o ra tio n  a t  60 min in  pmol of m onosaccharide from four 
r a d ic a c t iv e ly - la b e l le d  sugar n u c le o tid e s  by p a r t ic u la te  enzyme 
p re p a ra tio n  from bean hypocoty ls ( in cu b a ticn  m ix tu re  a -d  as 
in  F ig . 1).
Sugar n u c le o tid e  pmol in co rp o ra ted
UDP-D-[U1AC] g lucose  1090 + 266
UDP-D-[U1ZfC] xy lose  240 + 110
UDP-D-[U^C] g a la c to se  4 .9  -  0.56
GDP-D-CU^C] fucose 0 .66  -  0.11
14 -3In c u b a tio n s  com prised :- UDP-D-[U C] g lucose  (0 .77)1100]^ , 925 Bq),
and MnClp (10 mmoldm"”^ ) , or UDP-D-[U^C]glucose ( 0 .7 7 m oldm "^, 925 Bq),
3 —3UDP-xylose (20 yimoLdm and MnClg (10 mmoldm ).
The presence o f UDP-xylose in  in cu b a tio n s  seemed to  reduce o v e ra l l
14in c o rp o ra tio n  from UDP-D-[U C jglucose (F ig . 2a & b ) , and t h i s  may
be due to  co m p etitiv e  in h ib i t io n .  However, a s  only one com bination
of n u c le o tid e  co n ce n tra tio n s  was used , th e  p o s s ib i l i ty  of s t im u la tio n
14of in c o rp o ra tio n  frcm UDP-D-[U C]glucose by UDP-xylose cannot be 
excluded.
O p tim isa tio n  o f in cu b a tio n  c o n d itio n s  fo r  maximum in c o rp o ra tio n  o f 
r a d io a c t iv i ty
Attem pts were made to  in c re a se  in c o rp o ra tio n  and to  d ecrease  
zero  tim e v a lu e s :-  c a tio n s  and c a tio n  c o n ce n tra tio n s  were v a r ie d , 
sugar n u c le o tid e  c o n ce n tra tio n s  and b u ffe r  pH were a l te r e d ,  and a 
v a r ie ty  o f b u ffe rs  in c lu d in g  HEPES, MES, MOPS and TES, each a t  0.1
_3
moldm , was t r i e d .  HEPES b u ffe r  c o n s is te n tly  gave maximum m c o rp o ra -
14 14t ic n  from UDP-D-[U C] g lu co se , and GDP-D-[U C] fucose , but th e re  was
l i t t l e  d if fe re n c e  between b u ffe rs  fo r  in c o rp o ra tio n  a t  30 min from 
14UDP-D-[U C] xy lose (F ig . 3 a -c ) . In co rp o ra tio n  le v e l s  frcm th e  
s tan d ard  in cu b atio n  m ix tu res  were n o t Improved by vary ing  su g ar 
n u c le o tid e  c o n c e n tra tio n s , and vary ing  c a tic n s  and c a tio n  c o n cen tra ­
tio n s  gave extrem ely v a r ia b le  and in c o n s is te n t  r e s u l t s ,  w ith  no two 
enzyme p re p a ra tio n s  e x h ib it in g  the same p ro p e r t ie s :  Fiyg. 4(a & b)
fo r  example c o n tra s ts  th e  e f f e c t s  o f com binations of c a tio n s  on
F igure 2
14Time course  o f in c o rp o ra tio n  o f r a d io a c t iv i ty  frcm UDP-D-[U C] 
g lu co se  in to  h em ice llu lo se  by a p a r t ic u la te  enzyme p re p a ra tio n  
frcm bean h y p o co ty ls  in  th e  presence ( # —#  ) and absence 
( O — O  ) UDP-xylose (20 p io ldm "^).
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F igure 3
In c o rp o ra tio n  o f r a d io a c t iv i ty  in to  h em ice llu lo se  by a 
p a r t i c u la te  enzyme p re p a ra tio n  frcm bean hypoco ty ls  frcm 
60 min s tan d a rd  in cu b a tio n s  w ith :-
a) UDP-D-[U14C] g lucose
b) GDP-D-[U14C] fucose
c) UDP-D-[U14C]xylose
u s in g  a . HEPES, B. MES c.MOPS or d. TES a s  resu sp en sio n  and 
hom ogenisation b u f f e r .
Fig.3a
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in c o rp o ra tio n  a t  60 m in. from th re e  sugar n u c le o tid e s , u s in g  two
d i f f e r e n t  enzyme p re p a ra t io n s . The only case  where a s im i la r  p a t te rn
o f in c o rp o ra tio n  was observed fo r  th e  two enzyme p re p a ra tio n s  was
14where in c o rp o ra tio n  from UDP-D-[U C] xy lose was measured (F ig . 4 c ),
and in  t h i s  case  o v e ra ll  in c o rp o ra tio n  was to o  low fo r  any co n clu sio n s
14to  be drawn. Rs s u i t s  fo r  in c o rp o ra tio n  from UDP-D-[U C] g lucose
14(F ig . 4a) and GDP-D-[U C] fucose (F ig . 4b) were extrem ely v a r ia b le .
The e f f e c t  of f re e z in g  th e  p a r t i c u la te  enzyme p re p a ra tio n  a t
o 14-15 C f o r  48 hours was s tu d ie d . In c o rp o ra tio n  frcm UDP-D-[U C]
g lucose  was reduced by between 15 and 40$, and i t  was concluded, t h a t
enzyme p re p a ra tio n s  should be f r e s h ly  prepared  fo r  maximum a c t i v i t y .
C h a ra c te r is a tio n  of Enzyme In cu b a tio n  P roducts
14 14E stim ation  of m olecu lar w eights of UDP-D-fU C] g lucose  and UDP-D-[U C]
g a la c to se  in cu b a tio n  p ro ducts
P e l l e t s  re ta in e d  f o r  a n a ly s is  from th e  p rev ious tim e course  
experim ents were hydrolysed w ith  a pea c e l lu la s e  p re p a ra tio n , o b ta ined  
by a m o d if ic a tio n  o f th e  method of Byrne e t  al_ (1975) (Ch.2 p. 56 ) .
R a d io a c tiv e ly - la b e lle d  p e l le t s  from 60 m in. in c u b a tio n s  w ith  UDP-D-
14 14[U C] g lu co se  and UDP-D-[U C ]galac tose  were incubated  as  d e sc r ib e d ,
(Ch.2 p. 58 ) w ith  enzyme p re p a ra tio n  or w ith  b u ffe r  a lone  a s  a  c o n tro l .
Enzyme h y d ro ly sa te s  and c o n tro ls  were run down a 1 x 50 cm Sephadex
3G-25 g e l - f i l t r a t i o n  column. Samples of 0 .5  cm were c o lle c te d  and 
counted fo r  r a d io a c t iv i ty .
F igure 4
In c o rp o ra tio n  o f r a d io a c t iv i ty  in to  h em ice llu lo se  by two 
p a r t i c u la te  enzyme p re p a ra tio n  ( i  and i i )  from bean 
hy p o co ty ls  u s in g  60 min s tan d ard  in cu b a tio n s  w ith  vary ing  
c o n c e n tra tio n s  w i th : -
a ) GDP-D-[U1V ]fu c o se
b) UDP-D-[U^ C] glucose
c) UDP-D-[U1AC]xylose
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R esu lts  (F ig .5 a  & b) in d ic a te d  th a t  a high m olecu lar w eight
product i s  being broken down in to  a range of sm a lle r  m o lecu lar w eight
p ro ducts  in  th e  p resence  of th e  c e l lu la s e  enzyme. Hayashi et^al^ (1981)
have in d ic a te d  th a t  on d ig e s t io n  w ith  A sp e rg illu s  oryzae enzymes,
xyloglucan  polym ers sy n th es ized  in  a  c e l l - f r e e  system from su sp en sio n -
14 _
c u ltu re d  soybean c e l l s  gave a [ C Jd isaccharide  w ith  a  chrom atographic 
m o b ility  id e n t i c a l  to  isoprim everose  ( 6 ,-  0 -oC- D -  xy lopyranosyl-D - 
g lu co p y ran o se ). The g e l - f i l t r a t i o n  column however d id  n o t g iv e  
d e a r  enough re s o lu t io n  to  a llo w  id e n t i f i c a t io n  o f enzymic breakdown 
p ro d u c ts . P aper chrom atography was th e re fo re  employed a s  a  means of 
s e p a ra t io n .
14
Descending paper chromatography o f enzym e-hydrolysed [ C ]glucose -
14
and [ C ]g a la c to se - la b e lle d  in cu b atio n  p ro d u c ts .
R a d io a c tiv e ly - la b e lle d  p e l le t s  from time course in cu b a tio n s
of 60 m in. d u ra tio n  and co n ta in in g  approx. 25 Bq, were incubated  w ith
pea c e l lu la s e  p re p a ra tio n  which had f i r s t  been d ia ly sed  to  remove
g ly c e ro l and g lucose  (Ch.2 p. 5 8 ) . Following in cu b atio n  and
d e io n is a tio n  (Ch.2 p. 63 ) samples were run fo r  36 hours in  so lv e n t A
with g lucose  and m a lto -o lig o sa cc h a rid e  s ta rc h  h y d ro ly sa te s  a s  m arkers
(Ch.2 p .60 ). R esu ltin g  ra d io a c tiv e  peaks (F ig . 6a & b) suggest
most of th e  r a d io a c t iv i ty  was in  a m onosaccharide peak in  bo th
sam ples, w ith  a sm a lle r , h ig h e r m olecu lar w eight peak in  th e  
14
[ C ]g lu c o se -la b e lle d  sam ple.
In  a fu r th e r  experim ent, samples from in c u b a tio n s  of 15, 30 and
F igure 5a
Sephadex G-25 p r o f i l e  o f b u ffe r  ( • ----- •  ) and pea
c e l lu la s e  ( O——O ) incu b ated  h em ice llu lo se  ( la b e lle d
14w ith  r a d io a c t iv i ty  frcm UDP-D-[U C]glucose during  
60 min s tan d a rd  in cu b a tio n s
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F igure 5b
Sephadex G-25 p r o f i l e  of b u ffe r  ( • ----- •  ) and pea c e l lu la s e
( o O ) in cu b a ted  h em ice llu lo se  ( la b e lle d  w ith  r a d io a c t iv i ty
14from UDP-D-[U C ]g a lac to se  du rin g  60 min s tan d a rd  in c u b a tio n s .
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Figure 6
P aper chrcraatographic  a n a ly s is  of 36 h pea c e l lu la s e  
h y d ro ly sa te s  o f h e ra ice llu lo se  la b e lle d  w ith  r a d io a c t iv i ty  
in  c orp o ra t  ed from : -
a ) UDP -D- [U1AC] g lu c o se '
b) UDP-D- [U1 AC] g a la c to se
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60 m inu tes d u ra tio n  were hydrolysed and analysed  by paper chromatography 
a s  in  th e  p rev io u s  experim ent. A d isa c c h a r id e  co-chrcm atographing 
w ith  a c e l lo b io s e  m arker was p resen t a t  h ig h e r le v e l s  in  15 m inute 
in cu b a tio n  p ro d u c ts  than  in  30 and 60, where more m onosaccharides 
were observed . R eso lu tion  achieved u sin g  t h i s  chromatography system 
however was probably  inadequate  fo r  a cc u ra te  product i d e n t i f i c a t i o n .
14E stim ation  o f GDP-D-[U C ]fucose in cu b a tio n  p roduct m o lecu lar w eight
U nlike g a la c to se  and g lucose which a re  p re se n t in  a v a r ie ty  of
p la n t  p o ly sacch a rid es , fucose has been rep o rte d  only a s  a c o n s t i tu e n t
o f seme p la n t xy log lucans (A sp in a ll e t  a l , 1977, Bauer e t  a l , 1980),
14and of g ly c o p ro te in  (H ori e t  a l ,  1985). C h a ra c te r is a tio n  of the, C 
fu c o s e - la b e lle d  product was th e re fo re  a ttem pted  by m o lecu lar w eight 
e s tim a tio n  and then  by p ro te in a se  d ig e s t io n .  The product was 
p a r t i a l l y  so lu b le  in  w a ter, and on runn ing  down a 15 x 1 cm sephadex 
G100 column i t  e lu te d  w ith  th e  b lue d ex tran  m arker (F ig .7) in d ic a t in g  
a  m olecu lar w eight o f around 100,000 D altons.
14P ro te a se  d ig e s t io n  o f [ C] fu c o s e - la b e lle d  in cu b a tio n  p roduct 
14Two [ C ]f\ico se -lab e lled  samples from 60 m inute in c u b a tio n s , 
co n ta in in g  approx. 30 Bq were incubated  w ith  P ro te in a se  K o r b u ffe r  
a s  d esc rib ed  (Ch.2 p. 59). Follow ing c e n tr ifu g a tio n  r a d io a c t iv i ty  
in  p e l l e t s  and su p e rn a ta n ts  was counted (Table 2 ) .
The m a jo rity  of r a d io a c t iv i ty  was p re sen t in  th e  p e l l e t  in  both  
b u f fe r -  and enzym e-treated  sam ples, in d ic a tin g  l i t t l e  o r no breakdown 
of th e  p roduct.
F igure 7
14Saphadex G-100 p r o f i le  o f [ C ]fu c o se -lab e lle d  h em ice llu lo se
14product from 60 min s tan d a rd  in cu b a tio n  of GDP-D-[U C] 
fucose  w ith  p a r t i c u l a t e -enzyme p re p a ra tio n  from bean hypoco ty l.
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Table 2
14P ro te a se  d ig e s t io n  o f [ C ]fu co se -lab e lled  h e m ic e llu lo se  p roduct from
14a 60 min s tan d a rd  in c u b a tio n  o f GDP-D-[U C]f\icose w ith  p a r t i c u la te  
enzyme p re p a ra tio n  from bean hypocoty l, incubated  w ith  a .  enzyme 
o r b . b u f fe r .
S o lu tio n  R ad io ac tiv ity  % breakdown by
Bq enzyme
S u perna tan t (enz. in c . )  3 .8
a . 16.4%
P e l l e t  (enz. i n c . )  23.2
S uperna tan t (b u f . i n c . )
b.
P e l l e t  (Buf. i n c . )
2 .4
22.7
10.5%
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I I I .  P re lim in a ry  D if f e re n t ia t io n  E xperim ent:- Enzyme A c tiv ity  in  D if fe re n t 
P a r ts  o f Bean Hypocotyls
Enzyme a c t i v i t y  in  a c t iv e ly  growing and m ature t i s s u e  was 
compared. P a r t i c u la te  enzyme p re p a ra tio n s  were made u s in g  th e  to p  
o r  bottom 2 cm o f 7-8 day old dark-grown hypoco ty ls ( to t a l  le n g th  
approx. 8 cm). P re p a ra tio n s  were made w ith  25 g t i s s u e  in  75 ml 
b u f fe r  as  in  th e  s tan d a rd  p re p a ra t io n . In cu b a tio n s , which were of 
15 m inu tes d u ra tio n , were performed u s in g  tlye s tan d ard  p rocedure, 
with-UDP-D-[U^C] g lu co se , UDP-D-[U^C] g a la c to se , UDP-D-[U^C0 xy lose  
o r GDP-D- RJ^C]fUcose.
C lear d if f e r e n c e s  in 'enzym e a c t i v i t i e s  a r e  ap p aren t (F ig . 8a-d) :■
14in c o rp o ra tio n  from UDP-D-[U C] g lucose  was about doubled in  bottom
14se c tio n s  compared w ith  top  s e c tio n s ;  t h a t  from UDP-D-[U C]g a la c to s e
was roughly s im ila r  in  to p  and bottom s e c tio n s ;  in c o rp o ra tio n  from
14 14both  UDP-D-[U C]xylose and GDP-D-[U C] flicose was much h ig h e r in  to p
s e c tio n s , being  alm ost n e g l ig ib le  in  bottom s e c t io n s .
D iscussion
The tim e co u rses  o f in c o rp o ra tio n  from fo u r su g ar n u c le o tid e s  
(F ig . 1a-d) suggest th a t  in  bean hypocoty ls f a r  more g lucose  and 
g a la c to se  a re  in c o rp o ra te d  in to  hem ice llu lo se  than  xy lose  and fu co se . 
This may r e f l e c t  th e  wide v a r ie ty  o f c e l l  w all p o ly sacch arid es  in to  
which th ese  sugars  a re  in c o rp o ra te d . I t  may a ls o  be th a t  th e  
p a r t ic u la te  enzyme p re p a ra tio n  and in cu b a tio n  c o n ten ts  a re  more
Figure 8
Time course  o f in c o rp o ra tio n  of r a d io a c t iv i ty  frcm bean 
p a r t i c u la te  enzyme p re p a ra tio n s  from top  ( | — - J |  )
and bottom ( ) s e c tio n s  of hypoco ty ls , frcm
in c u b a tio n s  w ith :-
a) UDP-D- [U14Q g lucose
b) UDP-D-[U^C] g a la c to se
c) UDP-D-[U1Aq  xy lose
d) GDP-D- [U^C] fucose
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fav o u rab le  fo r  th e  g a la c to s y l-  and g lu c o s y l- tr a n s fe ra s e s  than  fo r  the  
fU cosy l- and x y lo s y ltra n s fe ra s e s .  A fu r th e r  p o s s ib i l i ty  i s  t h a t  
g lu co se  and g a la c to se  a re  tra n s fe r re d  from th e  su g ar n u c le o t id e s  in to  
th e  same p ro d u c t/p ro d u c ts  due to  epim erase a c t i v i t y  causing  i n t e r -  
ccn v ers icn  o f su g a rs .
14S tim u la tio n  o f in c o rp o ra tio n  from UDP-D~[U C] g lucose  by
UDP-xylose was re p o rte d  by Ray (1980), who s tu d ie d  x y lo sy l and
g lu co sy l t r a n s f e r  by Golgi membranes from pea e p ic o ty ls .  A UDP-
-3xy lose  c o n c e n tra tio n  of 0.15^imoldm s tim u la ted  in c o rp o ra tio n  frcm 
14UDP-D-[U C ]glucose by a f a c to r  o f up to  f iv e .  No such s tim u la tio n  
was observed fo r  th e  bean hypocotyl system , su g g es tin g  a d i f f e r e n t  
p roduct i s  being made. This i s  probably due to  th e  d if f e r e n c e s  
between th e  experim en tal system s i . e .  Ray used a more s p e c i f ic  a re a  
o f p la n t ,  namely a p ic e s  o r f i r s t  node, r a th e r  than  whole e p ic o ty ls ;  
secondly , th e  enzymes involved  were lo c a l is e d  on Golgi membranes, e x tra c te d  
by* u se  o f d i f f e r e n t i a l  c e n tr ifu g a tio n  u s in g  su cro se  g ra d ie n ts .  A 
fu r th e r  f a c to r  i s  th a t  th e  p ro p e r t ie s  o f th e  pea and bean enzymes may 
d i f f e r .
V a ria tio n  between enzyme a c t i v i t i e s  in  p re p a ra tio n s  from d i f f e r e n t  
b a tch es  o f  hypoco ty ls was h ig h lig h te d  during  a tte m p ts  to  op tim ise  
c o n d itio n s  f o r  maximal in c o rp o ra tio n . The v a s t v a r ia t io n  in  r e s u l t s  
frcm d i f f e r e n t  p re p a ra tio n s  made i t  im possib le  to  op tim ise  any in c u b a tio n  
c o n d itio n s , o th e r  than  b u ffe r  used , d e sp ite  u s in g  hypoco ty ls  o f 
id e n t ic a l  m a tu r ity .
C h a ra c te r is a tio n  o f th e  products o f in c u b a tio n s  w ith  bean
hypocoty l p a r t i c u la te  p re p a ra tio n s  i s  obviously  com plicated  by
v a r ia t io n  in  a c t i v i t i e s  of d i f f e r e n t  p re p a ra tio n s . P roducts o f
in c u b a tio n s  w ith  UDP-D-[U^Clglucose and UDP-D -[U ^CJgalactose a re
a p p a re n tly  o f h ig h  m o lecu lar w eight, and can be hydrolysed  by
c e l lu la s e  p re p a ra tio n s  (F ig s . 5 & 6) to  y ie ld  m ainly o lig o -  and
14m onosaccharides. The product of in cu b a tio n  w ith  GDP-D-[U C]fucose 
i s  e v id e n tly  n o t a  g ly c o p ro te in  and i s  of h igh  m olecu lar w eight 
(F ig . 7 ) ,  su g g estin g  i t  may be xy log lucan . Low or v a r ia b le  
in c o rp o ra tio n  r a te s  made i t  im possib le  to  id e n t i f y  th e  p roducts  more 
fU lly .
A p re lim in a ry  experim ent to  in v e s t ig a te  changes o c cu rrin g  d u ring  
d i f f e r e n t i a t io n  showed d e a r  d if fe re n c e s  in  in c o rp o ra tio n  frcm 
d i f f e r e n t  p a r ts  o f th e  hypoco ty l. Thus fucose  and xy lose  showed 
h ig h e r in c o rp o ra tio n  le v e l s  in  top  s e c tio n s  than b o tta n  s e c t io n s  
(F ig . 8 c -d ) , g a la c to se  showed l i t t l e  d if f e re n c e , and g lucose  showed 
h ig h e r  in c o rp o ra tio n  in  bottom s e c tio n s . These r e s u l t s  probably  
r e f l e c t  th e  d i f f e r e n t  com positions of c e l l  w a lls  in  th e se  d i f f e r e n t  
hypocotyl re g io n s . The to p  se c tio n s  a re  composed o f a  h ig h e r 
p e rcen tag e  o f prim ary w a lls  whereas th e  more m ature bottom s e c tio n s  
a re  composed of a h ig h e r percen tage  of secondary w all w ith  a  d i f f e r e n t  
p o ly sacch arid e  com position . Xyloglucan, f o r  example, i s  reg ard ed  a s  
a component of prim ary w a lls , and th e  h ig h e r le v e l s  o f in c o rp o ra tio n  
from UDP-xylose and GDP-fucose in  top  se c tio n s  may re p re se n t 
in  corp o r a t i  on in to  xyl oglu can .
The r e s u l t s  o f th e  d i f f e r e n t ia t io n  experim ent and! p reced in g
experim ents in d ic a te  th e  p o te n t ia l  advan tages o f u s in g  t i s s u e  in  which 
prim ary w a lls  predom inate f o r  in v e s t ig a t in g  xyloglucan b io -s y n th e s is .  
Such t i s s u e  can be provided by su sp e n s io n -c u ltu re , which a ls o  has th e  
advantage o f u s in g  one c e l l  l in e  o i ly ,  e lim in a tin g  much o f th e  
v a r ia t io n  e x h ib ite d  by th e  hypocotyl p re p a ra tio n s . The tech n iq u es  
and experim ents in  t h i s  c h ap te r  were adap ted  fo r  u se  w ith  su sp e n s icn - 
c u ltu re d  bean t i s s u e  in  subsequent in v e s t ig a t io n s ,  u s in g  c a l lu s e s  
d e riv ed  from bean h ypoco ty l, and were developed to  a llo w  a more 
thorough in v e s t ig a t io n  o f th e  enzymes invo lved  in  th e  sy n th e s is  o f 
xy log lucan , in  p a r t i c u la r  th e  x y lo s y ltra n s fe ra s e .
Chapter 4
INVESTIGATION OF THE XYLOGLUCAN XYLOSYL-TRANSFERASE 
USING A PARTICULATE ENZYME PREPARATION FROM
SUSPENSION-CULTURED BEAN CELLS
The g en era l p r in c ip le s  o f c e l l  s u sp e n s ic n -c u ltu re  were 
d esc rib ed  in  C hapter 1 ( p .37 ), and p o te n t ia l  advantages in  u s in g
such t i s s u e  fo r  s tu d y in g  xyloglucan b io sy n th e s is  were o u tlin e d  a t  
th e  end of th e  p reced ing  c h ap te r . Before u s in g  such m a te r ia l i t  
was n ecessa ry  to  determ ine optimum experim ental c o n d itio n s , so 
e x tra c t io n  p rocedure, b u ffe r , e f f e c t  of f re e z in g  and o f c u ltu re  age 
on enzyme a c t i v i t y  were examined. At l e a s t  one, and sometimes a l l  
fo u r t r a n s fe ra s e s  were consid ered , and th e  r e s u l t s  were found to  be 
r e l a t iv e ly  c o n s is te n t  fo r  a l l  sugar n u c le o tid e s .
As re p o rte d  in  Methods (Ch.2 p .51), m echanical hom ogenisation 
was found to  be u n s u ita b le  fo r  su sp e n s io n -c u ltu re d  t i s s u e ,  so 
m a te r ia l  was hand ground w ith  sand in  a m o rta r .
i .  In v e s t ig a t io n  o f e x tra c t io n  p rocedure: tim e course  of in c o rp o ra tio n
14 14o f r a d io a c t iv i ty  frcm UDP-D- [U Q g lu co se , UDP-D-[U C] g a la c to se ,
14 14UDP-D-[U CQ xylose and GDP-D-[U Q fticose: a .  h em ice llu lo se
e x t r a c t io n .
In cu b a tio n s  were perform ed w ith  a  p a r t ic u la te  enzyme p re p a ra tio n
frcm su sp en sio n -cu ltu red  bean c e l l s ,  u s in g  th e  enzyme p re p a ra tio n  and
assa y s  o u tlin e d  in  Ch. 2 ( p .51), i . e . t i s s u e  was ground w ith  a m o rta r
-3and p e s t le ,  and Tris/H C l (pH 7 .5 , 100 mmoLdm ) was used in s te a d  of
HEPES (b u ffe rs  were compared in  a l a t e r  experim en t). In c u b a tio n s  were 
te rm in a ted  a t  0, 15 and 30 m in. and h em ice llu lo se  e x tra c t io n  was
perform ed a s  in  p rev ious experim ents.
In c o rp o ra tio n  fo r  a l l  n u c le o tid e s  in c reased  w ith  tim e (F ig . 1
Figure 1
Time course  of in c o rp o ra tio n  of r a d io a c t iv i ty  in to  h em ice llu lo se  
by p a r t ic u la te  enzyme p re p a ra tio n  frcm su sp e n s io n -c u ltu re d  bean, 
frcm fo u r in cu b a tio n  m ix tu re s :-
( — ■  ) UDP-D-[U1AC]glucose (2.002 mmoldm- 3 , 925 Bq), ttiC l2
-3  -3(10 mmoldm ) and UDP-xylose (20 jamoldm )
( ▲  ▲  ) UDP-D-[U1AC]xylose (21 pmoldm- 3 , 740 Bq), MnCl2
-3  —3(10 mmoldm ) and UDP-glucose (2 mmoldm )
( □  □  ) UDP-D-[U1AC ]g a lac to se  (21 jumoldm- 3 , 925 Bq), MnCl2
—3 -3(10 mmoldm ), UDP-glucose (20 ^imoldm ) and UDP-xylose
(20 jimoldm-’3 )
( — “#  ) GDP-D-[U1 ^C]fucose (1 .25  p io ldm "3 , 925 Bq), MnCl2
—3 -3(10 mmoldm ), UDP-glucose (2 mmoldm ), UDP-xylose
-3  —3(2 mmoldm ) and UDP-galactose (2 mmoldm )
F igure  2
Time course  of in c o rp o ra tio n  of r a d io a c t iv i ty  in to  poly­
sac c h a rid e  by p a r t i c u la te  enzyme p re p a ra tio n  frcm suspension  
c u ltu re d  bean from four in cu b a tio n  m ix tu res  w i th : -
( ■ ------ ■  ) UDP-D-[U14C]glucose
( A -----A  ) UDP-D-[U14C]xylose
( 0 ------ D  ) UDP-D4[U^C]galactose
( • ------ •  ) UDP-D-[U14C]fucose
(In cu b a tio n  m ix tu res  a s  d e ta i le d  in  F ig . 1)
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z e ro  tim e v a lu es  were low and r e p l ic a te s  good. O v e ra ll in c o rp o ra tio n  
however was very  low (Table 1), su g g es tin g  the  e x tra c t io n  p rocedure 
i s  to o  r ig o ro u s  fo r  su sp e n s io n -c u ltu re d  t i s s u e ,  and may be e x tra c t in g  
seme pchlysaccharide p roduct.
i i . In v e s tig a t io n  o f e x tra c t io n  procedure: tim e course  of
in c o rp o ra tio n  of r a d io a c t iv i ty  frcm fo u r sugar n u c le o t id e s :  
b . whole po ly sacch arid e  e x tra c t io n
In cu b a tio n s  were performed a s  in  th e  p rev ious experim en t.
3
Follow ing te rm in a tio n , f iv e  e x tra c t io n s  w ith  70% e th an o l (1 cm )
3
were perform ed, follow ed by fo u r w ith  H20 (1 an ) .
Time courses o f in c o rp o ra tio n  were s im ila r  f o r  a l l  su g ar n u c leo ­
t i d e s  (F ig .2 ) and r e p l ic a te s  g e n e ra lly  good. In c o rp o ra tio n  le v e ls  
were more than ten  tim es those  recorded  fo llow ing  h em ice llu lo se  
e x tra c t io n  (Table 2 ) ,  excep t fo r  UDP-galactose where le v e l s  were fo u r 
tim es h ig h e r . Zero v a lu es  were g e n e ra lly  low. In c o rp o ra tio n  frcm 
UDP-D-[U^C]glucose and U D P-D -[U ^C]galactose dipped a t  30 min, but 
a more d e ta i le d  time course would be req u ired  t o  conclude an y th ing  
from th i s .
14i i i .  Comparison o f in c o rp o ra tio n  of r a d io a c t iv i ty  frcm UDP-D-f U C]
14glucose and UDP-D-QJ C]xylose u s in g  HEPES or T ris/H C l
P a r t i c u la te  enzyme p re p a ra tio n s  were made from su sp en sio n - 
c u ltu re d  m a te r ia l ,  u s in g  e i th e r  Tris/H C l or HEPES a s  h an o g en isa tio n  
and resuspensicn  b u f f e r .  In cu b a tio n s  were te rm in a ted  a t  0 , 15 and 30 m in.
Table 1
In c o rp o ra tio n  a t  30 min in  pmol of m onosaccharide from fo u r 
r a d io a c t iv e ly - la b e l le d  sugar n u c le o tid e s  in to  h em ice llu lo se .
Sugar n u c le o tid e  pmol in co rp o ra ted
UDP -D -[U ^C] g lucose  865 + 123
UDP-D-[U1AC] xy lose  5 .6  + 0
IDP-D-[U1AC] g a la c to se  6 .8  ± 2.72
GDP-D-[U14C] fucose 0 .24  -  0 .2
Table 2
In c o rp o ra tio n  a t  15 min in  pmol of m onosaccharide frcm 
ra d io a c t iv e ly - la b e l le d  sugar n u c le o tid e s  i n t o  p o ly sacch arid e . 
In c u b a tic n  m ix tu res a s  in  F ig . 1.
Sugar n u c le o tid e  pmol in c o rp o ra te d  *
UDP-D-[U1Aq  g lucose 3 .5 + 0 .5
UDP-D-[U14C] xy lose 0 .8 + 0 .2
UDP-D- [U^C] g a la c to se 1.1 + 0.1
UDP-D-[U1AC] fucose 2 .0 + 0 .5
100
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While in c o rp o ra tio n  le v e l s  from UDP-D-CU C]glucose were s im ila r  
fo r  T ris/H C l and HEPES (F ig . 3 a ), in c o rp o ra tio n  frcm UDP-D-[U^C ] 
xy lose  was co n sid erab ly  g re a te r  where Tris/H C l was used (F ig . 3b).
Tris/H C l was th e re fo re  chosen as th e  s tan d a rd  b u ffe r  fo r  in c u b a tio n s  
w ith  su sp e n s io n -c u ltu re d  t i s s u e .
14i v .  E ffe c t of su sp e n s io n -c u ltu re  age on in c o rp o ra tio n  frcm UDP-D-[U CQ
14xylose and GDP-D-[U C]fUcose
. Bean su sp e n s io n -c u ltu re s  were ro u tin e ly  su b -c u ltu re d  every 7-10 
days, and could be m ain ta ined  by su b -c u ltu re  f o r  s e v e ra l  months.
Enzyme a c t i v i t y  was assumed to  vary w ith  time a f t e r  s u b -c u ltu re , 
so to  determ ine on which day a f t e r  s u b -c u ltu re  a c t i v i t y  was maximal, 
enzyme p re p a ra tio n s  were made frcm f la s k s  o f d i f f e r e n t  aged t i s s u e .
F la sk s  were s e t  up w ith  approx. equal amounts o f t i s s u e ,  and enzyme
p re p a ra tio n s  were made a t  two day in te r v a l s  up to  14 days.
14 14In c u b a tio n s  w ith UDP-D-[U C]xylose and GDP-D-[U C]fucose were
perform ed (0 &15 min d u ra tio n ) and in c o rp o ra tio n  was ccmpared (F ig . 4a& b ) .
For both sugar n u c le o tid e s  in c o p o ra tic n  was a t  a high le v e l  on day 2,
then  peaked again  on day 8 . As th e re  i s  g e n e ra lly  in s u f f ic ie n t
m a te r ia l  f o r  an enzyme p re p a ra tio n  on day 2, i t  was decided to  u se
t i s s u e  around 6-8 days a f t e r  su b -c u ltu r in g  to  g ive  good enzyme a c t i v i t y
and c e l l  bu lk .
v . E ffe c t o f f re e z in g  enzyme on in c o rp o ra tio n  of r a d io a c t iv i ty  from 
UDP-D-[U1AC]xylose
An enzyme p rep a ra tio n  was made and in c u b a tio n s  performed w ith  th e
F igure 3
In c o rp o ra tio n  of r a d io a c t iv i ty  in to  h em ice llu lo se  by bean 
suspension  p a r t i c u la te  enzyme p re p a ra tio n  u s in g  T ris/H C l 
( 0 —#  ) o r HEPES ( o - o  ) a s  h an o g en isa ticn  and 
re su sp en s icn  b u f f e r : -  
in c o rp o ra tio n  from
a) UDP-D-[U^C] g lucose
b) UDP-D- [U1Aq  xy lose
u s in g  s tan d a rd  in cu b a tio n  c o n d itio n s
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Figure A
In c o rp o ra tio n  of r a d io a c t iv i ty  in to  h em ice llu lo se  by bean- 
suspension  p a r t i c u la te  enzyme p re p a ra tio n  u s in g  m a te r ia l  of 
in c re a s in g  m a tu r ity : in c o rp o ra tio n  a t  15 min, u s in g  s tan d a rd
in c u b a tio n  c o n d itio n s  fro m :-
a ) UDP-D-CU^C] xy lose
b) GDP-D-[U1AC]fucose
‘ Each in cu b a tio n  corresponded to  approx . 3 .5  g wet w eight o f t i s s u e .
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stan d ard  in cu b a tio n  m ix tu re , w ith  in cu b a tio n s  te rm in a ted  a t  0, 15 and 
60 min. Three s e t s  o f in cu b a tio n s  were perform ed w ith  th e  same 
p a r t ic u la te  enzyme p re p a ra t io n , which was k ep t a t  -15°C between 
experim ents. One s e t  of in cu b a tio n s  was perform ed w ith  fre sh  
enzyme, a second s e t  24 h l a t e r  and th e  th i r d  7 days l a t e r .
In c o rp o ra tio n  decreased  co n sid erab ly  a f t e r  24 h o f f re e z in g  
(F ig . 5) -  a 69% lo s s  in  a c t i v i t y .  I t  was th e re fo re  c le a r ly  no t 
f e a s ib le  to  u se  fro zen  p re p a ra t io n s  fo r  experim en ts.
Having e s ta b lis h e d  th e  b a s ic  experim ental c o n d itio n s , i t  was 
then  p o s s ib le  to  s tudy  th e  fo u r tr a n s fe ra s e  enzymes in  more d e t a i l .  
F i r s t  th e  e f f e c t s  of su g a r-n u c leo tid e  m ix tu re  and c a tio n s  on th e  
x y lo s y ltra n s fe ra s e  were in v e s t ig a te d .
E f fe c t o f vary ing  UDP-xylose c o n cen tra tio n  on in c o rp o ra tio n  of
14r a d io a c t iv i ty  from UDP-D-[U C]xylose
In cu b a tio n s  were performed w ith  v a ry in g  UDP-xylose co n ce n tra tio n s
_3
up t o  200.77 /imoldm , w ith  UDP-glucose p re sen t in  one s e t  o f in cu b a-
14 -3t i c n s .  In cu b a tio n s  comprised UDP-D-[U C] xy lose  (200.77 pmoljdm ,
_3
740 Bq), MnCU^  (10 mmoLdm ) and UDP-glucose, where p re se n t, a t  
-32 mmoldm . In cu b a tio n s  were te rm in a ted  a t  0 and 15 m in.
In co rp o ra tio n  was g e n e ra lly  low and z e ro  tim e v a lu es  high u n le s s  
UDP-glucose was p re sen t (F ig .6 ) . Zero tim e and 15 min v a lues 
decreased  w ith  in c re a s in g  UDP-xylose c o n c e n tra tio n , which su g g ests
Figure 5
E ffe c t o f f re e z in g  bean suspension  p a r t i c u la te  enzyme p re p a ra tio n
14cn in c o rp o ra tio n  o f r a d io a c t iv i ty  f ra n  UDP-D-[U C ]x y lo se :-
( 0 ------ ^  ) f r e s h  p re p a ra tio n
( o — o  ) p re p a ra tio n  frozen  fo r  24 h
( A  A  ) p re p a ra tio n  frozen  f o r  7 days
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F igure 6
E ffe c t o f v a ry in g  UDP-xylose co n ce n tra tio n  cn in c o rp o ra tio n
14o f r a d io a c t iv i ty  frcra UDP-D-[U C]xylose by p a r t i c u la te
enzyme p re p a ra tio n  frcm bean-suspension  c u l tu re ,  u s in g
-3in c u b a tio n s  com prising MnCl^ (10 mmoldm ) w i th : -
( ■ -------■  ) 1 ;M 0Lhm” 3 UDP-D-[U1AC]xylose (740 Bq)
( ^ ^  ) 3 pm oldnf3 UDP-D-[U14C]xylose (740 Bq)
( # -------#  ) 21 ;rnioLdm"’3 UDP-D-[U^C]xylose (740 Bq)
.( □ -------□  ) 201 /m o ld in '3 UDP-D-[U1AC ]xylose (740 Bq)
( A---- A  ) 3 /imoldm"3 UDP-D-[U14C] xylose  (740 Bq)
_3
p lu s  UDP-glucose (2 mmoLdm )
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th a t  th e  r a d io a c t iv i ty  i s  being  n o n -co v a len tly  bound to  th e  poly­
sacch a rid e  r a th e r  than in c o rp o ra te d , an e f f e c t  which d ecreases  w ith  
in c re a s in g  UDP-xylose c o n ce n tra tio n  a s  th e  s p e c i f ic  a c t i v i t y  d e c rea se s .
E ffe c t o f va ry in g  UDP-glucose c o n c e tra tio n  on in c o rp o ra tio n  of
14r a d io a c t iv i ty  from UDP-D-[U C]xylose
In cu b a tio n s  were perform ed w ith  vary ing  UDP-glucose co n cen tra -
14t io n s  and comprised UDP-!-D-[U C]xylose (21 JunbLdm , 740 Bq) UDP-
-3  -3g lucose  (0-5  mmoLdm ) and MnCl^ (10 mmoldm ) . In cu b a tio n s  were
te rm in a ted  a t  0 and 15 m in.
14There was a  c le a r  s tim u la tio n  o f in c o rp o ra tio n  from UDP-D-[U 0] 
xy lose  by UDP-glucose (F ig .7) and zero  tim e v a lu es  were low, su g g estin g  
non -co v a len t b ind ing  i s  u r il ik e ly  to  be o c cu rrin g . In c o rp o ra tio n
in c re a se d  s te a d i ly  w ith  in c re a s in g  UDP-glucose co n cen tra tio n  up to
-3  -32 mmoldm , then  decreased  markedly a t  5 mmoldm . Of th e  c o n cen tra -
-3t io n s  u sed , 2 mmoldm ap pears  to  be op tim al.
E ffe c t o f va ry in g  UDP-xylose co n cen tra tio n  a t  c o n s tan t UDP-glucose
14co n cen tra tio n  on in c o rp o ra tio n  of r a d io a c t iv i ty  from UDP-D- [U C] 
xylose
The optimum UDP-glucose co n cen tra tio n  (determ ined in  th e  p rev ious 
experim ent) was used to  e s ta b l is h  th e  optimum UDP-xylose c o n ce n tra tio n
fo r  in c o rp o ra tio n  w ith  UDP-glucose p re sen t in  in c u b a tio n s . In c u b a tio n s
—3 —3comprised UDP-xylose (1-201 jimoldm , 740 Bq), UDP-glucose (2 mmoldm ),
_3
MnClg (10 mmoldm ) and were term inated  a t  0 and 15 min. In c o rp o ra tio n  
was c a lc u la te d  in  pmol, and t h i s  showed th a t  maximum in c o rp o ra tio n  was
Figure 7
E ffe c t o f va ry in g  UDP-glucose co n ce n tra tio n  cn in c o rp o ra tio n  
14frcm UDP-D-[U C ]xylose a t  15 min by enzyme p re p a ra tio n  frcm 
bean su sp e n s io n -c u ltu re s  (u s in g  s tan d a rd  in c u b a tio n s  w ith  
v a ry in g  UDP-glucose c o n c e n tra tio n ) .
F ig u re  8
E ffe c t o f v a ry in g  UPD-xylose c o n ce n tra tio n  a t  c o n s tan t UDP-
14g lu co se  c o n ce n tra tio n  on in c o rp o ra tio n  from UDP-D-[U C] 
xy lose  a t  15 min by bean su sp e n s io n -c u ltu re  enzyme p rep a ra tio n  
(u sing  s tan d a rd  in c u b a tio n s  w ith  vary ing  UDP-xylose c o n c e n tra tio n ) .
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Table 3
E ffe c t of vary ing  UDP-xylose co n ce n tra tio n  on r e la t i v e
14in c o rp o ra tio n  o f r a d io a c t iv i ty  frcm UDP- C -xylose by 
p a r t ic u la te  enzyme p re p a ra tio n  frcm bean suspension  c u ltu re ,
Cone. UDP-D-[U1^C]xylose
_3
(/omoldm )
R e la tiv e  in c o rp o ra tio n  of 
r a d io a c t iv i ty  frcm 
U D P-D -[1Aq  xylose (%)
1
3
21
201
5
14
51
27
_3
ach ieved  w ith  21 ^moldm UDP-xylose in  in c u b a tio n s  (F ig .8, Table 3 ) .
E f fe c t of d iv a le n t c a tio n s  on in c o rp o ra tio n  o f r a d io a c t iv i ty  from 
UPP-P-[U14C ]xylose
The e f f e c t  o f a range o f d iv a le n t c a tio n s  on in c o rp o ra tio n  
14frcm UDP-D-[U C ]xylose was determ ined. The ch lo rid e  s a l t s  of 
Ca2+, Cu2+, Mg2+* Co2+ and Mn2+ were used a t  10 mmoldm"”2 , o therw ise  
s tan d ard  in c u b a tio n  c o n d itio n s  were used .
2+ 24-In co rp o ra tio n  was maximal in  th e  presence o f Mn , though Co
2+and Mg a ls o  s tim u la te d  in c o rp o ra tio n  (Table 4 ).
O p tim isa tio n  o f Mn2+ co n cen tra tio n  fo r  in c o rp o ra tio n  of r a d io a c t iv i ty  
from UDP-D-[U ^  ^ C ]xylose .
2+The optimum Mn co n cen tra tio n  was determ ined u s in g  a range of
-3  .
MnCl^ c o n ce n tra tio n s  frcm 0 to  100 mmoldm . S tandard in c u b a tio n  
co n ten ts  were u sed , w ith  in c u b a tio n s  te rm in a ted  a t  0 and 15 min.
24-In co rp o ra tio n  in c re a se d  s te a d ily  w ith  in c re a s in g  Mn c o n cen tra - 
-3tio n  up to  10 mmoldm , then decreased  sharp ly  (F ig . 9 ) .  A f u r th e r
s e t  of id e n t ic a l  in cu b a tio n s  was then perform ed u s in g  Mn2+ c o n cen tra -
-3  . -3t io n s  from 10 to  100 mmoLdm . Again 10 mmoldm gave maximum
in c o rp o ra tio n  ( F ig .10).
Fran th e se  experim ents th e  s tandard  in cu b a tio n  m ix tu re  was
-3  14e s ta b lis h e d , i . e .  UDP-glucose (2 mmoldm ) , UDP-D-[U C ]xylose
-3  -3(21 jimoldm , 740 Bq) and MnCl^ (10 mmoldm ) .  The x y lo sy l t r a n s f e r a s e
F igure 9
24-E ffe c t of v a ry in g  Mh co n cen tra tio n  on in c o rp o ra tio n  a t
1415 min frcm UDP-D-[U C]xylose by su sp en s io n -cu ltu red  bean 
enzyme p re p a ra tio n  u s in g  s tandard  in c u b a tio n s .
F igu re  10 . .........
O p tim isa tio n  of Mn2+ co n cen tra tio n  fo r  in c o rp o ra tio n  frcm 
14UDP-D-[U C ]xylose by bean-suspensicn  c u ltu re  p a r t ic u la te  
enzyme p re p a ra tio n : in c o rp o ra tio n  frcm stan d ard  in cu b a tio n
m ix tu re  a t  15 m in .
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was n ex t in v e s t ig a te d  by perform ing a s e r ie s  o f  tim e -co u rses .
1A
Tim e-course o f in c o rp o ra tio n  o f r a d io a c t iv i ty  from UDP-D-[U C]xylose
14The in c o rp o ra tio n  of r a d io a c t iv i ty  frcm UDP-D-[U C]xylose was 
in v e s t ig a te d  u s in g  th e  p rev io u s ly  e s ta b lis h e d  in cu b a tio n  c o n d itio n s . 
In c u b a ticn s  were te rm in a ted  a t  0, 5, 10, 15, 30 and 60 min.
In c o rp o ra tio n  in c re a se d  in  an alm ost l i n e a r  fa sh io n  (F ig . 11) 
and began to  t a i l  o f f  by 60 min.
Extended tim e course  o f in c o rp o ra tio n  o f r a d io a c t iv i ty  w ith  and 
w ithou t UDP-glucose
14The tim e course  o f  in c o rp o ra tio n  from UDP-D-[U C] xy lose was 
extended to  120 min and in c u b a tio n s  w ithout UDP-glucose were in c luded  
to  study th e  s tim u la to ry  e f f e c t  o f UDP-glucose on in c o rp o ra tio n .
Standard  in cu b a tio n  c o n d itio n s  were used , w ith  in cu b a tio n s  te rm in a ted  
a t  0, 15, 60 and 120 min.
In co rp o ra tio n  in  th e  presence o f UDP-glucose was approxim ately  
l i n e a r  up to  60 min (a s  in  th e  p rev ious experim en t), then le v e l le d  o f f  
( F ig .12). With no UDP-glucose p re sen t in c o rp o ra tio n  was very  low, 
and th e  high tim e zero  va lue  suggests  n o n -covalen t b ind ing  i s  o c c u rr in g . 
The amount o f r a d io a c t iv i ty  in c o rp o ra te d , o r m ora l ik e ly  th e  amount o f 
r a d io a c t iv i ty  n o n -co v a len tly  bound in  th e se  in c u b a tio n s  decreased  w ith  
tim e.
Figure 11
Time course of in c o rp o ra tio n  of r a d io a c t iv i ty  frcm 
14UDP-D-[U Q xy lose  by p a r t i c u la te  enzyme p re p a ra tio n  
frcm su sp e n s io n -c u ltu re d  bean (u s in g  s tan d a rd  
in cu b a tio n  c o n d itio n s ) .
F ig u re  12
14Time course of in c o rp o ra tio n  frcm UDP-D-[U Cjxylose 
by bean p a r t i c u la te  enzyme p re p a ra tio n  from suspension-
c u ltu re d  bean in  th e  presence  ( # -----#  ) and absence
( O  O  ) o f UDP-glucose (u s in g  s tan d a rd  c o n d itio n s ) .
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I t  i s  ev id en t th a t  UDP-glucose i s  re q u ired  f o r  in c o rp o ra tio n  
14frcm UDP-D-CU C] x y lo se , and t h i s  su g g ests  th a t  g lucose  and xylose  may 
form p a r t  of th e  same po ly sacch arid e  p roduct, p o ss ib ly  a  xy log lucan . 
There may however be o th e r  e x p lan a tio n s  fo r  th e  ap p aren t s t im u la tio n : 
UDP-glucose may be se rv in g  a s  a p ro te c ta n t  o f UDP-xylose by prov id ing  
an a l t e r n a t iv e  s u b s tr a te  f o r  degrad ive  enzymes (e .g . p y rophosphory lases), 
and may n o t be in c o rp o ra te d  in to  th e  po ly sacch arid e  a t  a l l .
S ev era l v a r ia t io n s  o f th e  o r ig in a l  tim e course were c a r r ie d  cu t 
to  in v e s t ig a te  th e  r o le  o f UDP-glucose in  th e  in c o rp o ra tio n .
E ffe c t o f UDP-glucose a d d itio n  a f t e r  commencement of tim e course
14The time course o f in c o rp o ra tio n  from UDP-D-[U C ]xylose was
_3
f u r th e r  in v e s t ig a te d  by adding  UDP-glucose (2 mmoldm ) to- in c u b a tio n s  
a f t e r  a 50 min tim e la p s e . Three s e t s  of in c u b a tio n s  were u sed : in  
one s e t  UDP-glucose was p re sen t from tim e zero  w ith  in c u b a tio n s  
te rm in a ted  a t  0, 15, 80 and 120 min; a second s e t  had no UDP-glucose 
p re sen t and th e  t h i r d  s e t  had UDP-glucose added to  in c u b a tio n s  a f t e r  
50 mini# In th e  l a t t e r  two s e t s  in c u b a tio n s  were te rm in a ted  a t  0, 80,
95 and 120 min.
No s tim u la tio n  of in c o rp o ra tio n  occurred on a d d it io n  o f UDP- 
g lu co se  a f t e r  50 min (F ig . 13), w ith  in c o rp o ra tio n  a t  a  s im ila r  l e v e l  
to  in c u b a tio n s  w ith  no UDP-glucose p re sen t a t  any tim e during  
in c u b a tio n . E a r l i e r  a d d itio n  o f UDP-glucose t o  in c u b a tio n s  (20 min 
a f t e r  commencement o f  in cu b a tio n ) made no d if fe re n c e  to  th e  tim e co u rse .
Lack o f s tim u la tio n  by UDP-glucose could be due to  a number of 
f a c to r s :  th e  ra d io a c tiv e  s u b s tr a te  may be su b je c t to  enzyme
d eg rad a tio n  in  th e  absence o f th e  p ro te c ta n t  UDP-glucose a s  suggested  
p rev io u s ly , o r th e  t r a n s f e r a s e  enzyme may be lo s in g  a c t i v i t y  ra p id ly  
in  th e  absence o f th e  UDP-glucose s u b s t r a te .  To t e s t  t h i s  l a t t e r  
th eo ry  a time course  was perform ed, in  which a f r e s h  enzyme p rep ara ­
tio n  was added to  in c u b a tio n s  a lo n g  w ith  UDP-glucose a f t e r  a 30 min 
tim e la p s e .
E ffe c t of UDP-glucose and f re s h  enzyme a d d itio n  a f t e r  ccmmencement of 
tim e course
Three s e ts  o f  in c u b a tio n s  were perform ed, one s e t  o f s tan d a rd
14in c u b a tio n s  and two s e t s  w ith  UDP-D-[U C]xylose and MnC^ only 
p re sen t i n i t i a l l y .  To one o f th e se  l a t t e r  two s e t s  UDP-glucose and 
f re s h  enzyme p re p a ra tio n  (50 p i )  were added 20 min a f t e r  commencement 
o f  in c u b a tio n . In cu b a tio n s  were te rm in a ted  a t  0, 15 and 60 min.
No s tim u la tio n  of in c o rp o ra tio n  was observed on a d d itio n  of
UDP-glucose and f re s h  enzyme (F ig . 14).  Zero tim e v a lu es  were
h ig h e r where UDP-glucose was a b se n t. T his im p lie s  th a t  la ck  of
s tim u la tio n  by la te -a d d e d  UDP-glucose i s  n o t due to  lo s s  o f enzyme
14a c t i v i t y .  However, i f  a c t i v i t y  i s  l o s t  due to  UDP-D-[U C] xy lose 
breakdown in  th e  absence o f UDP-glucose, a d d it io n  o f f re s h  enzyme 
would no t be e f f e c t iv e ,  so t h i s  r e s u l t  s t i l l  does no t ex p la in  th e  lo s s  
o f  s tim u la tio n  by UDP-glucose.
Figure 13
E ffe c t o f delayed  a d d itio n  o f UDP-glucose t o  in c u b a tio n s  on
14in c o rp o ra tio n  frcm UDP-D-CU C] xy lose  by p a r t i c u la te  enzyme 
p re p a ra t io n : -
( 0 -----#  ) s tan d a rd  in cu b a tio n  c o n ten ts
( O---O ) s tan d a rd  Incu b a tio n  c o n te n ts  bu t w ith  UDP-
g lucose  added 50 min a f t e r  ccmmencement of in cu b a tio n  
( A ---- A  ) s tan d a rd  in cu b a tio n  minus UDP-glucose
F igure  14
E ffe c t of delayed a d d itio n  of UDP-glucose w ith  f r e s h  enzyme
14t o  in c o rp o ra tio n  frcm UDP-D-[U C] xy lose  by p a r t i c u la te  enzyme 
p re p a ra tio n  frcm su sp e n sio n -c u ltu re d  b e an :-  
( £  0  ) s tan d ard  in cu b a tio n  c o n d itio n s
3( O O ) s tan d a rd  c o n d itio n s  w ith  UDP-glucose p lus 50 mm
added 20 min a f t e r  ccmmencement of in cu b a tio n  
( — A . ) s tan d a rd  in cu b a tio n  minus UDP-glucose
60 120 
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14E ffe c t o f  a d d itio n  o f  UDP-D-fU C]xylose to  UDP-glucose co n ta in in g  
in c u b a tio n s
The apparen t lo s s  o f enzyme a c t i v i t y  in  th e  absence o f s u b s tr a te
14was fh r th e r  in v e s t ig a te d  by adding UDP-D-[U C ]xylose a f t e r  commence­
ment o f in c u b a tio n , to  in cu b a tio n s  co n ta in in g  UDP-glucose and MnG.^ 
only . Two s e ts  o f in c u b a tio n s  were perform ed: s tan d ard  in c u b a tio n s
w ith  a l l  sugar n u c le o tid e s  p re sen t from th e  s t a r t ,  and in c u b a tio n s  
14where UDP-D-[U C ]xylose was added 20 m inutes a f t e r  commencement of 
in c u b a tio n . In cu b a tio n s  were te rm in a ted  a t  0, 15 and 60 min.
High in c o rp o ra tio n  r a t e s  were found where a l l  sugar n u c le o tid e s
were p re se n t from tim e zero  (F ig . 15). In co rp o ra tio n  a t  60 min was
14reasonab ly  h igh  where UDP-D-[U C]xylose was added a f t e r  a 20 min 
d e lay , in d ic a t in g  th a t  th e  enzyme d id  no t lo s e  a c t i v i t y  in  th e  absence 
o f UDP-xylose. This r e s u l t  however s t i l l  does n o t determ ine w hether 
UDP-glucose p ro te c ts  th e  UDP-xylose, th e  enzyme, o r b o th . Nor does i t  
determ ine w hether UDP-glucose i s  being in c o rp o ra te d  in to  p o ly sacch arid e . 
I t s  ro le  a s  a  p ro te c ta n t was th e re fo re  f u r th e r  in v e s t ig a te d  by examining 
p o ss ib le  s u b s t i tu te  p ro te c ta n ts .
14E ffe c t o f ATP and GDP a s  p ro te c ta n ts  in  UDP-D-[U Cl xy lose  in c u b a tio n s
The p o te n t ia l  o f ATP and GDP p ro te c ta n ts  was examined in  an
experim ent where su g ar n u c le o tid e s  were added to  in cu b a tio n s  a f t e r
commencement of in c u b a tio n . In cu b a tio n s  were perform ed w ith  e i th e r
14ATP or GDP p re sen t in  a l l  c ases , w ith  UDP-D-[U C ]xylose and UDP-glucose
Figure 15
14E ffe c t o f delayed  a d d itio n  o f UDP-D-[U C]xylose t o  in cu b a tio n s  
c o n ta in in g  UDP-glucose on in c o rp o ra tio n  of r a d io a c t iv i ty  by 
p a r t i c u la te  enzyme p re p a ra tio n  frcm su sp e n s io n -c u ltu re d  b ean :- 
( 0 ^  ) s tan d a rd  in cu b a tio n  c o n d itio n s
( O O ) s tan d a rd  in cu b a tio n  c o n d itio n s  w ith  UDP-D-[U^C]
xy lose  added 20 min a f t e r  ccmmencement o f in c u b a t io n .
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p re sen t from th e  s t a r t  o r added 30 min a f t e r  commencement o f
_3
in c u b a tio n . In cu b a tio n s  were s tan d a rd  p lu s 2 mmoldm ATP o r GDP, 
o r Mndg (10 mmoldm"^) p lu s  2 mmoldm"’^ ATP o r GDP w ith  UDP-D-[U^C] 
xy lo se  and UDP-glucose added a f t e r  30 min. In cu b a tio n s  were te rm in a ted  
a t  0, 15 and 60 min (See F igure  legend f o r  in c u b a tio n  d e t a i l s ) .
The presence o f  ATP o r GDP in  s tan d a rd  in c u b a tio n s  d id  no t appear
to  a f f e c t  th e  tim e course  o f in c o rp o ra tio n . Delayed a d d itio n  of 
14UDP-D-[U C]xylose and UDP-glucose re s u l te d  in  a low le v e l  o f in c o rp o ra ­
t io n  w ith  GDP, and p r a c t ic a l ly  none w ith  ATP (F ig . 16a & b ) . Thus 
under co n d itio n s  in v e s t ig a te d ,  ATP was no t e f f e c t iv e  a s  an enzyme 
p ro te c ta n t  and GDP had l i t t l e  e f f e c t .
ATP and GDP were s e le c te d  a s  p o te n t ia l  p ro te c ta n ts  due t o  th e  
u n lik e lih o o d  o f t h e i r  becoming in c o rp o ra te d  in to  p o ly saccharide  p roduct. 
Due to  t h e i r  i n a b i l i t y  to  a c t  a s  p ro te c ta n ts  however, two sugar nu c leo ­
t i d e s  w ith  a  s t r u c tu r e  c lo se ly  resem bling  t h a t  o f UDP-glucose were 
examined.
14E ffe c t o f  GDP-mannose and GDP-glucose a s  p ro te c ta n ts  in  UDP-D-fU Cl 
xy lose  in cu b a tio n s
In cu b a tio n s  were performed w ith  and w ithou t GDP-mannose and
GDP-glucose, in  th e  presence and absence o f UDP-glucose. Three
-3stan d ard  in cu b a tio n  tim e courses were s e t  up , one w ith  2 mmoLdm
_3
GDP-glucose and one w ith 2 mmoldm GDP-mannose added, and two s e ts
F igure 16
14E ffe c t o f ATP and GDP on in c o rp o ra tio n  frcm UDP-D-[U C] 
xy lose  by p a r t i c u la t e  enzyme p re p a ra tio n  frcm bean 
s u sp e n s io n -c u ltu re  t i s s u e  u s in g  In c u b a tio n s :-
a ) With GTP p re sen t (2 mmoLdm” ), in  ( £ — 0  )
s tan d a rd  in c u b a ticn  m ix tu re  or ( 0-0 ) in cu b a tio n s
-3  14
w ith  UDP-glucose (2 mmoldm ) and UDP-D-[U CQ xylose
added 30 min a f t e r  commencement.of in cu b a tio n
b) With ATP p re sen t (2 mmoldm- ^ ) , in  ( £ —Q  )
s tan d a rd  in cu b a tio n  m ix tu re  or ( 0 - 0  )
-3in c u b a tio n s  w ith  UDP-glucose (2 mmoldra ) and 
14UDP-D-[U ; C]xylose added 30 min a f t e r  ccmmencement of 
in c u b a t ic n .
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o f in c u b a tio n s  w ith  th e  s tan d a rd  assay  c o n te n ts , minus UDP-glucose
-3  -3bu t p lu s  e i t h e r  GDP-glucose (2mmoldm ) o r GDP-mannose (2 mmoldm ) .
In cu b a tio n s  were te rm in a ted  a t  0, 15, 30 and 60 min.
There was l i t t l e  in c o rp o ra tio n  in  th e  absence o f UDP-glucose 
in  in c u b a tio n s  co n ta in in g  e i th e r  GDP-glucose or GDP-mannose (F ig .1 7 a-c )
i . e .  th ey  d id  n o t p rovide a s u b s t i tu te  f o r  UDP-glucose a s  s t im u la to rs  
o f  x y lo s y ltra n s fe ra s e  a c t i v i t y .  However, where UDP-glucose was 
p re sen t in c o rp o ra tio n  was co n sid e rab le  (up to  28 Bq) and was 
a p p a ren tly  s tim u la te d  by th e  presence o f GDP-glucose and GDP-mannose 
in  in c u b a tio n s  (by 38 and 23$ re s p e c tiv e ly )  compared to  UDP-glucose 
on ly .
As GDP-glucose appeared to  have th e  g re a te r  s tim u la to ry  e f f e c t ,  
i t s  p ro te c t iv e  ro le  was fu r th e r  in v e s t ig a te d .
E f fe c t o f  delayed UDP-glucose a d d itio n  t o  GDP-glucose co n ta in in g  
in c u b a tio n s
In a  m o d ifica tio n  of an e a r l i e r  tim e course  experim ent (p . 114), 
UDP-glucose was added to  in c u b a tio n s  20 min a f t e r  commencement, w ith
_3
2 mmoldm GDP-glucose p re sen t in  in c u b a tio n s . In c o rp o ra tio n  was 
compared to  in c u b a tio n s  w ith  GDP-glucose bu t no UDP-glucose p re s e n t, 
and to  in cu b a tio n s  w ith  a l l  n u c le o tid e s  p re sen t from tim e z e ro . 
In cu b a tio n s  were te rm in a ted  a t  0, 15, 30, 60 and 180 min.
Where UDP-glucose was e i th e r  p re sen t o r ab sen t frcm tim e z e ro ,
Figure 17
E ffe c t of GDP-mannose and GDP-glucose on in c o rp o ra tio n  of
14r a d io a c t iv i ty  from UDP-D-[U C ]xylose by p a r t ic u la te  enzyme 
p re p a ra tio n  from su sp e n s io n -c u ltu re d  b ean :-
_3
a) In c u b a tio n s  w ith  GDP-glucose (2 mmoldm ) c o n ta in in g  
( 0- — O  ) s tan d a rd  Incu b a tio n  m ix tu re , or
( O  ) s tan d a rd  in cu b a tio n  m ix tu re  minus
UDP-glucose
-3b) In cu b a tio n s  w ith  GDP-mannose (2 mmoldm ) co n ta in in g  
( 0 --- 0  ) s tan d a rd  in cu b a tio n  m ix tu re , or
( O — O  ) s tan d a rd  in cu b a tio n  m ix tu re  minus
UDP-glucose
c) In cu b a tio n s  w ith  s tan d a rd  in cu b atio n  m ix tu re
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r e s u l t s  were s im ila r  to  th o se  o f th e  o r ig in a l  experim ent i . e .  
s tim u la tio n  of in c o rp o ra tio n  by UDP-glucose. Where UDP-glucose was 
added b e la te d ly , in c o rp o ra tio n  commenced a t  a r a te  s im ila r  to  t h a t  of 
in c u b a tio n s  where i t  was p re sen t frcm th e  s t a r t  (F ig . 18). This 
s tim u la tio n  d id  n o t occur in  th e  absence o f  GDP-glucose (F ig . 18), 
su g g es tin g  GDP-glucose has a p ro te c tiv e  r o le ,  p ro te c tin g  e i th e r  th e  
t r a n s fe ra s e  enzyme o r th e  sugar n u c le o tid e  s u b s tr a te  in  th e  absence 
o f  UDP-glucose.
P ro te c tio n  o f th e  x y lo s y ltr a n s fe ra s e  by GDP-jnannose and GDP-glucose 
in  the  absence o f  o th e r  n u c le o tid e s
A c tiv ity  o f th e  x y lo s y ltra n s fe ra s e  enzyme i s  g e n e ra lly  l o s t  by
ho ld ing  a t  room tem p eratu re  fo r  any le n g th  o f  tim e in  th e  absence o f
sugar n u c le o tid e  s u b s t r a te s .  The e f fe c t iv e n e s s  of th e -p ro te c ta n ts
GDP-glucose and GDP-mannose was th e re fo re  te s te d  by in c u b a tin g  each
w ith  enzyme p re p a ra tio n  f o r  20 min b efo re  a d d it io n  o f  any o th e r  sugar
n u c le o tid e s . Two s e ts  o f in c u b a tio n s  were performed fo r  each
-3p ro te c ta n t :  th e  p ro te c ta n ts  were p re sen t a t  2 mmoldm in  each s e t
from tim e zero , and th e  s tan d a rd  in c u b a tio n  co n ten ts  were e i th e r  a ls o  
p re sen t from tim e ze ro  o r  added a f t e r  20 min. In cu b a tio n s  were 
te rm in a ted  a t  0 , 15 and 60 min.
In co rp o ra tio n  of r a d io a c t iv i ty  where a l l  sugar n u c le o tid e s  
were p resen t frcm tim e zero  was s im ila r  f o r  GDP-glucose and GDP- 
m annose-containing in c u b a tio n s  ( F ig .19) w ith  in c o rp o ra tio n  in c re a s in g  
up to  60 min. In c o rp o ra tio n  s t i l l  occurred  in  b o th  s e t s  of 
in cu b a tio n s  where sugar n u c le o tid e s  were added a f t e r  a 15 min d e lay , 
and t h i s  in c o rp o ra tio n  was g r e a te r  where GDP-mannose was th e  p ro te c ta n t
F igure 18
E ffe c t of GDP-glucose on in c o rp o ra tio n  o f r a d io a c t iv i ty  from 
14UDP-D-[U C]xylose by p a r t i c u la te  enzyme p re p a ra tio n  from 
su sp e n s io n -c u ltu re d  bean u sing  s tan d a rd  In cu b a tio n  c o n d itio n s
a) With GDP-glucose (2 mmoldm” ^) ^  9
-3  -3b) With GDP-glucose (2 mmoltfm ) and UDP-glc (2 mmoldm )
added 20 min frcm t in e  ze ro  0-0
_3
c) With GDP-glucose (2 mmoldm ) and no UDP-glucose p re sen t
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Figure 19
E ffe c t o f a d d itio n  o f su g ar n u c le o tid e s , 20 rain a f t e r  ccmmencement
of in c u b a tic n , t o  in c u b a tio n s  co n ta in in g  GDP-glucose o r GDP-
14mannose, cn in c o rp o ra tio n  frcm UDP-D-[U C] xy lose  by bean 
suspension  p a r t i c u la te  enzyme p re p a ra t io n :-
o _ _
a) With GDP-glucose (2 mmoldm” ) and ( Q — £  )
stan d a rd  in c u b a tio n  c o n ten ts  or ( o — o  ) s tandard
in cu b a tio n  c o n te n ts  added 20 min a f t e r  commencement of
> in cu b a tio n
b) With GDP-mannose (2 mmoldm”^) and ( 0  Q  )
• s tan d ard  in cu b a tio n  c o n ten ts  or ( O O )
s tan d a rd  in cu b a tio n  co n ten ts  added 20 rain a f t e r
commencement o f  in cu b a tio n
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used . Both p ro te c ta n ts  can th e re fo re  e f f e c t iv e ly  p ro te c t  th e  
x y lo s y ltra n s fe ra s e  in  th e  absence o f s u b s t r a te s ,  in d ic a t in g  th a t  t h i s  
i s  a t  l e a s t  one o f  th e  ways in  which th e  p ro te c ta n ts  a c t .
The p ro te c tio n  o f UDP-xylose by GDP-glucose was examined by 
an a ly s in g  in c u b a tio n  w ashings to  determ ine th e  f a te  o f UDP-xylose in  
th e  presence and absence o f p ro te c ta n ts .
TLE a n a ly s is  o f in c u b a tio n s  performed w ith  o r  w ithou t GDP-glucose
14To determ ine w hether UDP-D-[U C ]xylose was broken down in
in c u b a tio n s  w ithou t p ro te c ta n ts ,  TLE a n a ly s is  o f th e  f i r s t  e th an o l
e x tra c tio n  was c a r r ie d  o u t. In cu b a tio n s  were performed and th e
f i r s t  70$ e th an o l e x tra c tio n  su p e rn a ta n t, which g e n e ra lly  co n ta in s
about 70$ o f th e  t o t a l  experim ental r a d io a c t iv i ty ,  was re ta in e d  fo r
a n a ly s is .  In c u b a tio n s , which were o f 60 min d u ra tio n , had fou r b a s ic
n u c le o tid e  co m b in a tio n s:- th e  s tan d ard  in cu b a tio n  m ixture was used,
-3standard  in c u b a tio n  p lu s  GDP-glucose (2 mmoLdm ) , s tandard  in cu b a tio n  
p lu s  GDP-glucose minus UDP-glucose, or s tan d a rd  in c u b a tio n  minus UDP- 
g lu co se . The e x tra c t io n  su p e rn a ta n ts  were d r ie d  down under n itro g e n  
and analysed  by TLE a s  d e sc rib ed  (Ch.2 p .6 5 ) ,  u s in g  UDP-xylose and 
xy lose  a s  m arkers.
Comparison o f  r a d io a c tiv e  t r a c e s  (F ig . 20 a -d ) showed f i r s t l y  
th a t  r a d io a c t iv i ty  le v e l s  a re  low er when UDP-glucose i s  p re sen t in  
in cu b a tio n s , presum ably due to  g re a te r  in c o rp o ra tio n  o f  r a d io a c t iv i ty .  
Peaks o f r a d io a c t iv i ty  co-chrom atographing w ith  UDP-xylose and xy lose
Figure 20
T h in - la y e r - e le c tro p h o re t ic  a n a ly s is  o f f i r s t  e th an o l wash
frcm in c u b a tio n s  o f bean suspension  p a r t i c u la te  enzyme
14p re p a ra tio n  w ith  UDP-D-[U C] x y lo s e :-
_3
a) S tandard  in cu b a tio n  p lu s  GDP-glucose (2 mmoldm )
b) S tandard  in cu b a tio n
c) S tandard  in cu b a tio n  p lu s  GDP-glucose minus UDP-glucose
d) S tandard in cu b a tio n  minus UDP-glucose
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were d e te c te d  in  each a n a ly s is  (F ig . 20 a - d ) , and th e  r e l a t iv e
q u a n t i t ie s  o f  each v a rie d  w ith  th e  in cu b a tio n  m ix ture  used : presence
o f  GDP-glucose in  in c u b a tio n s  from which UDP-glucose was a b sen t
1A(F ig .20c) r e s u l te d  in  much more UDP-D-[U C] xy lose  in  washes than  where 
GDP-glucose was a b se n t (F ig . 2 0 d ). This was a l s o  t r u e  fo r  in c u b a tio n s  
in  which UDP-glucose was p re sen t i . e .  GDP-glucose presence in  
a d d itio n  to  th a t  o f UDP-glucose (F ig .20a) r e s u l te d  in  n e a r ly  a l l  th e  
r a d io a c t iv i ty  being  p re sen t a s  UDP-xylose r a th e r  than  xy lo se .
This experim ent confirm s th e  ro le  o f GDP-glucose in  p ro te c t in g  
UDP-xylose from breakdown b u t does not ru le  ou t th e  p o s s ib i l i ty  o f 
p ro te c tio n  o f  th e  g ly c o s y l tra n s fe ra s e  by th e  GDP-glucose.
GDP-glucose and GDP-mannose appear to  have a s im ila r  p ro te c t iv e
q u a l i ty  t o  UDP-glucose, b u t th ey  do n o t dem onstrate  th e  same
14s tim u la to ry  e f f e c t  on in c o rp o ra tio n  from UDP-D-[U C] xy lo se . I t  
th e re fo re  seems l i k e ly  th a t  UDP-xylose and UDP-glucose c o n tr ib u te  
to  th e  same p roduct. In  o rd e r  to  t e s t  t h i s  th eo ry  a p re -in c u b a tio n  
experim ent was perform ed.
E ffe c t o f  p re - in c u b a tio n  w ith  UDP-glucose on in c o rp o ra tio n  o f
14ra d io a c t iv i ty  from UDP-D-[U C~]glucose
Ray (1980) found th a t  a  p re -in c u b a tio n  o f Golgi membranes from
pea e p ic o ty ls  w ith  UDP-glucose re s u lte d  in  in c re a se d  in c o rp o ra tio n  from 
1 /
UDP-D-£U CO xy lose  in  th e  absence o f  UDP-glucose i . e .  i t  appeared  th a t  
g lucan ch a in s  were pre-fonnedvbefore  a d d itio n  o f xy lose  from UDP-xylose.
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T his was in v e s t ig a te d  fo r  th e  p a r t ic u la te  enzyme p re p a ra tio n  from 
su sp e n s io n -c u ltu re d  bean.
The p re - in c u b a tio n  was performed a s  d esc rib ed  (Ch.2 p .65 ) .
I t  in v o lved  a 20 min p re -in c u b a tio n  o f th e  p a r t ic u la te  enzyme 
p re p a ra tio n  follow ed by a 30 min c e n tr ifu g a tio n  to  remove u n reac ted  
in c u b a tio n  m ix tu re , th en  resu sp en sio n  and in c u b a tio n s  up to  60 min.
Enzyme a c t i v i t y  was m onitored by perform ing a tim e course w ith  p re ­
in c u b a tio n . T reatm ents were a s  fo llo w s :-  1. s tandard  in c u b a tio n
w ith  no p re - in c u b a tio n , w ith  or w ithou t UDP-glucose in  in c u b a tio n s ;
- 32 . p re -in c u b a tio n  w ith  MnCl^ and UDP-glucose (2  mmoldm ) fo llow ed 
by in c u b a tio n s , two s e t s  e i th e r  w ith  o r w ithou t UDP-glucose; 3. p re ­
in c u b a tio n  w ith  MnCl^ only follow ed by in c u b a tio n s , two s e t s  w ith  o r 
w ithou t UDP-glucose, and 4. p re -in c u b a tio n  w ith  MnCl^ only a t  0-4°C 
follow ed by in c u b a tio n s , w ith  o r w ithou t UDP-glucose. In cu b a tio n s  
were te rm in a ted  a t  0 , 15 o r 60 min.
o 14P re -in cu b a tio n  a t  0-4 C reduced in c o rp o ra tio n  from UDP-D-[U C]
xylose  in  th e  presence o f UDP-glucose by over 50% compared w ith  th e  
s tan d ard  tim e course where no p re -in c u b a tio n  was performed (F ig .21 a & b ) .
In  o th e r tre a tm e n ts  very  l i t t l e  in c o rp o ra tio n  o ccu rred , and ze ro  tim e 
v a lu es  were p a r t ic u la r ly  h igh  in  U D P-glucose-free in cu b a tio n s  (F ig .2 1 c  & d ) .  
I f  a 50% lo s s  in  a c t i v i t y  occurs w ith  a p re - in c u b a tio n  a t  0-4°C, i t  
seems l i k e l y  th a t  an even g re a te r  lo s s  w il l  occur d u ring  a 25°C p re ­
in c u b a tio n . Having a lre ad y  e s ta b lis h e d  th e  p ro te c tiv e  r o le  o f GDP- 
g lucose  in  a  p rev ious experim ent (p .119 ) i t  was decided to  in c lu d e
Figure 21
E ffe c t o f p re - in c u b a tic n  w ith  UDP-glucose on. in c o rp o ra tio n  of
14r a d io a c t iv i ty  from UDP-D-[U C] xy lose  by p a r t i c u la te  enzyme 
p re p a ra tio n  from su sp e n s io n -c u ltu re d  bean fo llo w in g  four 
tre a tm e n ts :-
a ) No p re - in c u b a tio n
b) P re - in c u b a tio n  f o r  30 min a t  1-4°C w ith  MiClg (10 mmoldm’’^)
c) P re - in c u b a tio n  f o r  30 min a t  25°C w ith  MnCl^ (10 remoldm""^)
d) P re - in c u b a tic n  f o r  30 min a t  25°C w ith  UDP-glucose
- 3  -3(2 mmoldm ) and MnCl^ (10 mmoldm )
A ll in cu b a tio n s  were perform ed a s  s tan d a rd  ( £ — —%  )
o r s tan d ard  minus UDP-glucose ( Q  Q  )•
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GDP-glucose in  th e  20 min p re - in c u b a tio n .
The g en era l scheme o f th e  p rev ious p re -in c u b a tio n  experim ent 
was fo llow ed, bu t s e v e ra l m o d if ic a tio n s  were made fo r  th e  sake of 
s im p lic i ty . No p re -in c u b a tio n  on ic e  was perform ed, no r s tan d a rd  
tim e-co u rse  w ithou t p re - in c u b a tio n . P re - in cu b a tio n s  comprised
_3
GDP-glucose (2 mmoLdm ) and MnCl^, w ith  o r w ithou t UDP-glucose.
Follow ing a 20 min p re - in c u b a tio n , samples were c e n tr ifu g e d  and 
then  in cu b ated  fo r  0, 15 o r 60 min.
In c o rp o ra tio n  t h i s  tim e was h ig h e r  w ith  more ty p ic a l  tim e 
courses (F ig . 22 ). In c o rp o ra tio n  up t o  15 Bq occurred when UDP- 
g lucose  was p re sen t only in  th e  p re - in c u b a tio n , and in c o rp o ra tio n  
where UDP-glucose was p re se n t in  p re -  and tim e course in c u b a tio n s  
was enhanced over in c u b a tio n s  where i t  was o ily  p resen t in  tim e 
course  in c u b a tio n . These r e s u l t s  suggest pre form ation o f th e  g lucan  
chain  d u ring  th e  p re - in c u b a tio n .
As o v e ra ll  in c o rp o ra tio n  was s t i l l  low in  each case , th e  experim ent 
was rep ea ted  w ith  GDP-glucose p re sen t in  th e  p re -in cu b a tio n  and a l s o  in  
th e  tim e course  in c u b a tio n s . T his improved in c o rp o ra tio n  f u r th e r ,  
i l l u s t r a t i n g  th e  enhanced in c o rp o ra tio n  a f t e r  p re -in c u b a tio n  w ith  
UDP-glucose s t i l l  more c le a r ly  (F ig . 23 a & b ) .
D iscussion
The t r a n s f e r  o f  xy lose  from UDP-xylose in to  a p o ly sacch arid e  has
Figure 22
E ffe c t o f p re - in c u b a tio n  w ith  UDP-glucose and GDP-glucose
14cn in c o rp o ra tio n  of r a d io a c t iv i ty  frcm UDP-D-[U C]xylose 
by p a r t i c u la te  enzyme p re p a ra tio n  from susp en sio n - 
c u ltu re d  bean fo llo w in g  two tre a tm e n ts :-
_3
a) P re - in c u b a tio n  f o r  30 min w ith  GDP-glucose (2 mmoldm ),
• _ 3  _ 3
UDP-glucose (2 mmoldm ) and MnCl^ (10 mmoldm )
_3
b) P re - in c u b a tio n  f o r  30 min w ith  GDP-glucose (2 mmoldm )
-3and MnCl£ (10 mmoldm )
A ll in c u b a tio n s  were perform ed a s  s tan d a rd  ( 9 ®  )
or s tan d a rd  minus UDP-glucose ( O O )•
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Figure 23
E ffe c t o f GDP-glucose presence  in  p re - in c u b a tio n  and
in c u b a tic n  on in c o rp o ra tio n  o f r a d io a c t iv i ty  frcm 
14UDP-D-[U C ]xylose by p a r t i c u la te  enzyme p re p a ra tio n  
frcm bean suspension  c u l tu re  fo llo w in g  two tre a tm e n ts
_3
a) P re - in c u b a tic n  w ith  GDP-glucose (2 mmoiUini ),
-3 -3UDP-glucose (2 mmoLdm ) and MnC^ (10 mmoLdra )
b) P re - in c u b a tio n  w ith  GDP-glucose and MnCl^
-3(10 mmoLdm )
In c u b a tio n s  were perform ed w ith  GDP-glucose (2 mmoldm
and s tan d a rd  in cu b a tio n  ( £ ------- £  ), or w ith  GDP-
-3  .
g lu co se  (2 mmo]/3m ) and s tan d a rd  In cu b a ticn  minus
GDP-glucose ( o - o  >•
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p rev io u s ly  been in v e s t ig a te d  by Ray (1980) in  Golgi membranes of pea 
s e e d lin g , and by Hayashi and Matsuda (1981a) in  p a r t ic u la te  enzyme 
p re p a ra tio n  from su sp e n s io n -c u ltu re d  soybean c e l l s .  There a re  
marked s i m i l a r i t i e s  and d if fe re n c e s  between th e se  system s, and th e  
bean su sp e n s io n -c u ltu re  x y lo s y ltra n s fe ra s e  in v e s t ig a te d  in  t h i s  s tu d y . 
Comparing th e  b a s ic  experim ental c o n d itio n s , T ris/H C l was a s a t i s f a c to r y  
b u f fe r  fo r  th e  bean su sp e n s io n -c u ltu re  enzyme p re p a ra tio n , but was 
found by Hayashi and Matsuda to  i n h ib i t  th e  tr a n s fe ra s e  re a c t io n .
Both bean p re p a ra tio n  and th e  soybean p re p a ra tio n  o f Hayashi and 
Matsuda l o s t  a c t i v i t y  on f re e z in g , and in  bo th  cases enzyme a c t i v i t y  
was maximal on the  s ix th  day a f t e r  s u b -c u ltu r in g .
14Ray (1980) found th a t  in c o rp o ra tio n  from UDP-D-[U C ]xylose in to
polym eric p ro d u c ts  was s tim u la te d  by UDP-glucose and by Mn^+ , though
a d iv a le n t  c a tio n  was no t n ecessa ry  fo r  in c o rp o ra tio n . Hayashi and
14Matsuda (1981a) a ls o  found th a t  in c o rp o ra tio n  from UDP-D-[U C] xy lose
depended on UDP-glucose, th e  optimum co n cen tra tio n  being  around 
-3  2+2 mmoldm , and on Mn which had an optimum c o n cen tra tio n  o f
_3
10 mmoldm . These c o n d itio n s  a re  id e n t ic a l  to  th o se  found op tim al 
14fo r  [ C ]xylose t r a n s f e r  by th e  p a r t ic u la te  enzyme p re p a ra tio n  from
bean s u sp e n s io n -c u ltu re s , b u t s tim u la tio n  of th e  enzyme by o th e r  sugar
n u c le o tid e s  was found to  vary  between system s. The pea Golgi-membrane
-3tr a n s f e r a s e  system was s tim u la te d  by GDP-glucose a t  5 o r 50 jmnoldm , 
w hile  th e  soybean su sp e n s io n -c u ltu re  system was s tim u la te d  e q u a lly  by 
TDP o r UDP-glucose, and a t  50$ by GDP-glucose. No such s tim u la tio n  
occurred  fo r  the  bean su sp e n s io n -c u ltu re  x y lo s y l t r a n s fe ra s e . The
s tim u la tio n  o f  th e  x y lo s y ltra n s fe ra s e  by GDP-glucose o r GDP-mannose in  
th e  presence o f  UDP-glucose was a p p a ren tly  n o t in v e s t ig a te d  fo r  th e  pea 
soybean system s.
P re - in cu b a tio n  o f  th e  x y lo s y ltra n s fe ra s e  system was perform ed f o r  
a l l  th re e  p la n t system s. Hayashi and Matsuda (1981) found th a t  enzyme 
a c t i v i t y  was l o s t  on p re -in c u b a tio n  w ith  UDP-glucose, and concluded 
t h a t  t h i s  f a c t ,  combined w ith  th e  s t ru c tu re  th e y  propose fo r  th e  
xyloglucan p ro d u c t, su g g es ts  th a t  th e  x y lo s y ltra n s fe ra s e  a c t s  co­
o p e ra tiv e ly  w ith  a  g lu c o s y l tr a n s fe ra s e , developing  th e  xyloglucan  chain  
by a l t e r n a t e  t r a n s f e r  o f  g lucose  and x y lose . Ray (1980) however found 
th a t  p re - tre a tm e n t o f th e  pea Golgi membranes could s tim u la te  
in c o rp o ra tio n  from UDP-xylose even when th e  membranes were removed 
from th e  UDP-glucose s o lu tio n  befo re  in cu b a tio n  w ith  UDP-xylose.
The s tim u la tio n  o b ta in ed  by p re -trea tm e n t was sm alle r than  th e  
s tim u la tio n  o b ta in ed  on a d d itio n  o f UDP-glucose d u rin g  th e  t r a n s f e r a s e  
r e a c tio n . A s im ila r  r e s u l t  was found fo r  th e  bean p a r t i c u la t e  enzyme 
p re p a ra tio n , though th e  s tim u la tio n  in  t h i s  case  was much enhanced by 
th e  p resence in  th e  p re -in c u b a tio n  and in c u b a tio n  o f GDP-glucose.
These r e s u l t s  suggest th a t  a t  l e a s t  some o f th e  xy lose  from UDP-
xy lose  i s  t r a n s f e r r e d  in to  xyloglucan by th e  p a rticu la te -en zy m e
p re p a ra tio n  from bean su sp en s io n -cu ltu red  t i s s u e ,  and f u r th e r  ev idence
14was sought by a n a ly s in g  th e  [ C ]x y lo se - lab e lled  p roduct.
Chapter 5
CHARACTERISATION OF THE [14 C] XYLOSE-LABELLED PRODUCT 
FROM BEAN SUSPENSION-CULTURE ENZYME PREPARATION
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14The f i r s t  s te p  m  th e  c h a r a c te r is a t io n  o f th e  [ C] x y lo se -
la b e l le d  p roduct was to  e s ta b l i s h  th a t  th e  r a d io a c t iv i ty  was s t i l l
14 14in  th e  form of [ C ]xylose, and th a t  no e p im e risa tio n  to  [ C jarab inose
or o th e r  m o d if ic a tio n  had taken  p la ce .
14T otal a c id  h y d ro ly s is  o f [ C ]la b e lled  p roduct 
14A [ C] x y lo s e - la b e lle d  p e l l e t  from a 60 min s tan d ard  in c u b a tio n , 
co n ta in in g  60 Bq, was hydrolysed  w ith  2N TFA fo r  1 hour (Ch.2 p . 55 ) .
A fte r ro ta ry  ev ap o ra tin g  to  d ry n ess, th e  h y d ro ly sa te  was sp o tte d  onto
•a
Whatman No.1 paper in  300 mm H^ O then  run in  so lv e n t D fo r  24 h. The 
sugars  a ra b in o se , x y lo se  and g lucose  were a p p lie d  as  m arkers.
The r a d io a c t iv i ty  m ostly  co-chrom atographed w ith  xylose  (F ig .1)
14w ith  a sm all peak o f [ C jarab inose  in d ic a t in g  a degree of epim erase 
a c t i v i t y  ( le s s  than  6%).
14E stim ation  o f [ C jx y lo se - la b e lle d  product m o lecu lar w eight
14The m o lecu lar w eight of the  [ C] x y lo s e - la b e lle d  product was
asse ssed  by g e l - f i l t r a t i o n  chrom atography, i n i t i a l l y  u s in g  a
Sepharose CL 6B column. A 60 min s tan d a rd  in cu b a tio n  product
co n ta in in g  25 Bq was f i r s t  s o lu b i l is e d  w ith  cadoxen (Woods & McCrae,
1978; Ch.2 p. 62 ) .  The s o lu b i l is e d  product was run dcwn a 25 x 1cm
g e l - f i l t r a t i o n  column in  50% cadoxen w ith  b lue  dex tran  and
3
d in itro p h e n y lly c in e  a s  m arkers. F ra c tio n s  o f 0 .5  cm were c o lle c te d , 
and the  ra d io a c tiv e  p roduct was d e tec te d  by s c i n t i l l a t i o n  coun ting
Figure 1
P aper chrom atographic a n a ly s is  of t o t a l  a c id  h y d ro ly sa te s  of
p o ly sacch arid e  la b e l le d  w ith  r a d io a c t iv i ty  in co rp o ra ted  from 
14UDP-D- [lT C jxylose du rin g  60 min in c u b a tic n s  w ith  s tan d ard  
in cu b atio n  m ix tu re .
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u s in g  xylene s c i n t i l l a n t .
The product e lu ted  w ith  th e  b lue dex tran  m arker, beyond the 
ex clu sio n  l im i t  o f th e  column, i . e .  i t s  m olecu lar w eight was g re a te r  
than  1,000,000 (F ig .2 a )J
The experim ent was rep ea ted  u s in g  a Sepharose CL 2B column 
fo r  more a c c u ra te  m o lecu lar w eight e s tim a tio n . The same procedure 
was follow ed and a r a d io a c tiv e  peak was d e tec te d  between b lue  d ex tran  
and d in itro p h e n y lly c in e  m arkers (F ig . 2b ). The product m o lecu lar 
w eight i s  th e re fo re  in  th e  range 1 x 10^ -  20 x 10^ D altons.
Hayashi and Matsuda (1981b) have suggested  th a t  th e  a c t i v i t y
o f xyloglucan  x y lo s y ltra n s fe ra s e  can be d is tin g u ish e d  from o th e r
p o ly sacch arid e  sy n th eases  by a n a ly s is  of th e  p roducts using c e r ta in
14c e l lu la s e  p re p a ra t io n s . H ydrolysis of [ C ]x y lo se - lab e lle d  p roduct
w ith  A sp e rg illu s  oryzae re s u lte d  in  a l l  o f the  x y lo sy l re s id u e s  being  
14recovered  in  [ C ]isoprim everose (6 -0 -*< -D -xylopyranosy l-D -g lucopyranose), 
and based on t h i s  f in d in g  an assay  method fo r  th e  a c t i v i t y  o f xy l oglu can -  
x y lo s y ltra n s fe ra s e  was developed by Hayashi and Matsuda. The enzyme 
p re p a ra tio n , d r i s e la s e ,  which co n ta in s  xy lanase and g lucanase  a c t i v i t y ,  
can a ls o  be used a s  i t  does n o t c leave  the  bond between th e  g lucose  in  
th e  glucan backbone and th e  xylose  s id e  chain , y ie ld in g  the  c h a ra c te r is t ic  
d isa c c h a r id e .
14Before perform ing d r is e la s e  h y d ro ly s is  of th e  [ C]xylose p ro d u c t, 
th e  chrom atographic m o b ility  of isoprlm everose was in v e s t ig a te d .
F igu re  2
Sepharose p r o f i le  o f c ad o x e n -so lu b ilise d  p o ly saccharide
14( la b e lle d  w ith  r a d io a c t iv i ty  f ra n  UDP-D-[U C] xy lose  during  
60 min in c u b a tio n s  w ith  th e  s tan d a rd  in cu b a tio n  m ix tu res)
a) Sepharose CL 6B p r o f i l e
b) Sepharose CL 2B p r o f i l e  .
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3Descending paper chrom atography of [ H ]isoprim everose and mono-
and d isa c c h a r id e  m arkers
3
Descending pap er chromatography o f a [ H ]isoprim everose sample 
(c o n ta in in g  23 .5  Bq) was performed f o r  36 h in  so lv en t B. C e llo - 
b io se , g lucose  and g a la c to s e  were used a s  m arkers.
The iso p rim ev ero se  showed a c le a r  peak between c e llo b io se  and 
g a la c to se  (F ig .3 ) . Glucose ran  s l i g h t ly  more qu ick ly  than g a la c to se  
cn t h i s  so lv e n t system . Isoprim everose  could th e re fo re  be 
d is tin g u ish e d  from th e  m onosaccharides g lucose  and g a la c to s e , and 
frcm the  d isa c c h a r id e  c e llo b io se .
The chrom atographic m o b ility  of isoprim everose  was compared w ith  
th a t  o f p u r if ie d  tam arind xyloglucan h y d ro ly sa te s .
D ris e la se  h y d ro ly s is  of p u r i f ie d  tam arind  xyloglucan
A sample of p u r i f ie d  tam arind xyloglucan was hydrolysed  w ith
d r is e la s e  ov ern ig h t (Ch.2 p . 58 ). The su p e rn a tan t was ro ta ry
3
evaporated  to  d ry n ess, d isso lv e d  in  300 mm H^ O and sp o tte d  onto  
Whatman N o.1 pap er. Descending paper chromatography was c a r r ie d  
out in  so lv en t A f o r  30 h . Glucose a n d .c e llo b io se  were used  a s  
m ark ers .
The hydrolysed xyloglucan gave th re e  s l ig h t ly  o v e rlap p in g  peaks, 
th e  f a s t e s t  moving co -ch rana tog raph ing  w ith  g lu co se , th e  s lo w est
Figure 3
3
Paper chrom atography o f [ H] isoprim everose  w ith  mono- and 
d isa c c h a r id e  m arkers
F igu re  A
P aper chrom atographic s e p a ra tio n  of sugar m arkers, and d r is e la s e  
h y d ro ly sa te s  of p u r if ie d  tam arind xyloglucan (peaks 1, 2 & 3)
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s l ig h t ly  ahead o f c e l lo b io s e , w ith  th e  m iddle peak between th e  two
(F ig .4 ). The m iddle peak thus appeared to  have th e  same chrom atographic 
3
m o b ility  a s  th e  [ H ]isoprim everose in  th e  p revious experim ent, w ith  a 
m onosaccharide peak, a p p a re n tly  of g lu co se .
14D rise la se  h y d ro ly s is  of f C ]x y lo se - lab e lle d  product -  1.
14A [ C] x y lo s e - la b e lle d  60 min in cu b a tio n  p roduct co n ta in in g  
30 Bq was hydrolysed  o v e rn ig h t w ith  d r is e la s e  (Ch.2 p. 58 ).
Follow ing h y d ro ly s is , th e  su p e rn a ta n t was run in  so lv en t A f o r  30 h 
w ith  g lucose  and xy lose  as  m arkers.
The ra d io a c tiv e  peak ran  between c e llo b io se  and g lucose  (F ig .5 ), 
overlapp ing  s l i g h t ly  w ith  c e llo b io se , i . e .  i t  was probably iso p rim ev ero se .
The peak was f u r th e r  c h a ra c te r is e d  by e lu t in g  and s u b je c tin g  to  
complete a c id  h y d ro ly s is .
14Complete a c id  h y d ro ly s is  o f [ C ]x y lo se -lab e lled  d isac c h a rid e  peak
The r a d io a c t iv e ly - la b e l le d  peak from th e  p revious experim ent was 
e lu te d  a s  d esc rib ed  (Ch.2 p. 61 ) and ro ta ry  evaporated  to  d ry n e ss .
The re s id u e  was hydro lysed  w ith  TFA, then run in  so lv en t D f o r  24 h.
Xylose, g lucose  and a ra b in o se  were used a s  m arkers.
The r e s u l t in g  ra d io a c tiv e  peak co-chrcm atcgraphed w ith  xy lo se  
w ith  l i t t l e  sug g estio n  o f a ra b in o se , so th e  d isac c h a rid e  peak i s
Figure 5
Paper chrom atographic a n a ly s is  o f d r i s e la s e  h y d ro ly sa te s  of
p o ly sacch arid e  la b e l le d  w ith  r a d io a c t iv i ty  in co rp o ra ted  from 
.14UDP-D-[U C ]xylose d u rin g  60 min s tan d a rd  in b u c a tio n s .
F igure  6
P aper-ch rcm atograph ic  s e p a ra tio n  o f t o t a l  a c id  h y d ro ly sa te  of 
e lu te d  d isa c c h a r id e  peak from F ig .5.
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[^ C ]x y lo s e - la b e lle d  (F ig .6 ) .
14D rise la se  h y d ro ly s is  o f [ C ]x y lo se - lab e lle d  product -  2.
14The [ C ]x y lo se - lab e lle d  d r is e la s e -h y d ro ly s a te  p roducts  were 
again  sep a ra ted  by descending paper chromatography in  So lven t A.
A 60 min in c u b a tio n  sample co n ta in in g  approx. 100 Bq was hydro lysed  
then th e  r a d io a c tiv e  peaks r e s u l t in g  from paper chromatography were 
e lu te d  and re-chrcm atographed th re e  tim es to  i s o la t e  th e  d is a c c h a r id e  
peak. This f in a l  peak (F ig .7) co-chrom atographed e x ac tly  w ith  [ H] 
iso p rim ev ero se .
14More in fo rm atio n  about th e  [ C]xylose d isac c h a rid e  was nex t
sought by perform ing borohydride re d u c tio n . Borohydride reduces th e
sugar in  th e  reducing  p o s i t io n  in  a m olecule t o  a sugar a lc o h o l, and
fo llo w in g  red u c tio n  th e  d isa c c h a r id e  can be hydrolysed to  y ie ld  th e
sugar and sugar a lc o h o l. I f  in  t h i s  case th e  d isac c h a r id e  i s  in  f a c t
iso p rim ev ero se , i . e .  w ith  g lucose in  th e  reducing  p o s i t io n , th e
14re a c tio n  w il l  y ie ld  [ C ]xylose and n o n -ra d io a c tiv e  g lu c i to l ,  whereas
a xy lose  backbone to  th e  m olecule would r e s u l t  in  xylose  being  in  th e
14reducing  p o s i t io n , and [ C ] x y l i td  would be produced.
14A nalysis  o f [ C ]x y lo se -lab e lle d  d isa c c h a r id e  by borohydride 
red u c tio n  and h y d ro ly s is
R a d io a c tiv e ly - la b e lle d  x y l i to l  was f i r s t  produced f o r  use a s  a
m arker to  a s s i s t  in  id e n t i f i c a t io n  of th e  product of borohydride
14re d u c tio n . The [ C ]x y lito l was produced by borohydride re d u c tio n
Figure 7
Paper chrom atographic a n a ly s is  of d r is e la s e  h y d ro ly sa te s  of
p o ly sacch arid e  la b e l le d  w ith  r a d io a c t iv i ty  in c o rp o ra te d  
14from UDP-D- [TJ C] x y lo se  d u rin g  60 min s tan d a rd  in c u b a tio n s -  
d isa c c h a r id e  peak r e s u l t in g  from th re e  su ccess iv e  e lu t io n s .
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of [^ C ]x y lo se  (see  Ch.2 p .64) and t h i s  was then  run a g a in s t  g lucose  
and xy lose  on paper o v ern ig h t in  S olvent E (Rees & Reynolds 1978;
Ch. 2 p. 60 ) .
The x y l i t o l  peak ran  w ell beycnd g lucose and xylose on t h i s  
so lv en t system (F ig .8 ) , p rov id ing  a s u i ta b le  means o f s e p a ra tin g  
[^ C ]x y lo se  from [^ C J  x y l i t o l .
14B orohydride re d u c tio n  o f th e  [ C ]x y lo se - lab e lled  d isa c c h a r id e  
was then  c a r r ie d  c u t, u s in g  th e  e lu te d  d isac c h a rid e  peak, id e n t i f i e d  
in  an e a r l i e r  experim ent (p .146 , F ig .7 ) . The peak, which con tained  
about 50Bq, was reduced w ith  borohydride and hydrolysed as d e sc rib ed  
(Ch.2 p. 64 ) ,  then  run in  S olvent E w ith  xylose and g lucose  a s  m arkers.
14The [ C]xylose peak co-chranatographed w ith  xylose (F ig . 9)*
A sm all peak o f presum ably non-hydrolysed ra d io a c t iv e ly - la b e l le d
m a te r ia l  ran  3-5 cm frcm th e  o r ig in , and a sm all peak around 20 cm
14frcm th e  o r ig in  may correspond to  a sm all q u a n tify  of [ C ] x y l i to l .
The m a jo rity  of th e  ra d io a c tiv e  la b e l  however i s  in  xy lo se , su p p o rtin g  
th e  conclusion  th a t  th e  d isa c c h a r id e  product i s  isop rim everose .
The glucan backbone o f xyloglucan i s  made up of £ (  1 -4 ) - lin k e d
g lu co se  m olecu les. However, UDP-glucose i s  a p recu rso r of £ (1 -3 )
glucan  a s  w ell a s  £ (1 -4 )  g lucan  ch a in s , and i t  i s  th e re fo re  co n ce iv ab le
th a t  xy lose  might be added a s  a s id e -c h a in  to  £ (1 -3 ) g lucan , r a th e r
14than  to  £ (1 -4 ) g lu can . To t e s t  t h i s ,  th e  [ C ]x y lo se - lab e lle d  p roduct
Figure 8
14Chrom atographic s e p a ra tio n  o f g lu co se , xy lo se , and [ C ]x y lito l
14
produced by borohydride red u c tio n  o f [ CO x y lo se .
F igure  9
Paper chrom atographic a n a ly s is  of borohydride-reduced
_  14 '[ C ]x y lo se - la b e lle d  d isac c h a rid e  peak ( id e n t i f ie d  in  F ig .7)
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10
was su b jec ted  to  la m in a rin a se  -3) g lucanase) d ig e s t io n .
14H ydro lysis o f th e  f C ]x y lo se - lab e lle d  product w ith  £ (1 -3 )  g lu can ase
L am inarinase i s  an enzyme p re p a ra tio n  w ith  JB(1—3) g lu can ase , 
and p o ss ib ly  seme £ (1 -4 )  g lucanase  a c t i v i t y .  I t  b reaks th e  £ (1 -3 ) 
g lucan  lam in arin  down t o  g iv e  a s e r ie s  of p roducts  in c lu d in g  
la m in a r i te t ro s e ,  lam in aritrfase , la m in a rib io se  and g lu co se .
To a s s e s s  th e  a c t i v i t y  of lam in a rin ase , th e  h y d ro ly sa te s  of
in c u b a tio n s  o f la m in a rin a se  w ith  c e l lu lo s e , xyloglucan and lam in a rin  
were compared.
3 -3Samples (10 mg) were suspended in  e i th e r  1 cm 50 mmoldm
-3a c e ta te  b u ffe r  pH 4 .5 , o r in  b u ffe r  p lu s  10 mg lam in a rin a se  (1 cm ) .  
In cu b a tio n s  were c a r r ie d  out a t  25°C o v e rn ig h t. Samples o f each
h y d rd y s a te  were run in  so lv e n t D w ith  g lucose a s  a  m arker.
The g lu co se  m arker moved about 22 cm from th e  o r ig in .  The 
lam in a rin  was hydrolysed  to  g iv e  a smear of low er m o lecu lar w eight 
p roducts  w ith  a c le a r  peak a t  g lucose . Xyloglucan and c e l lu lo s e  
h y d ro ly sa te s  both showed a f a in t  peak a t  g lucose , bu t t h i s  occurred  
in  enzyme- and b u ffe r- in c u b a te d  sam ples, and was probably due t o  th e  
p resence o f a sm all q u a n ti ty  of g lucose in  th e  sam ples, r a th e r  than  
enzymic breakdown.
The la m in a rin a se  showed l i t t l e  a c t i v i t y  a g a in s t  t h e ^3(1-4) 
g lu can s  and in  p a r t i c u la r  a g a in s t  xyloglucan , so i t  was s u i ta b le  f o r
d is t in g u is h in g  between ^3( 1-3) and J3(1-4) g lucan backbones.
14Lam inarinase h y d ro ly s is  o f [ C ]x y lo se -lab e lled  product 
14Two [ C ]x y lo se - la b e lle d  p e l le t s  froma s tandard  in c u b a tio n , 
and co n ta in in g  38 Bq, were incubated  w ith  e i th e r  b u ffe r , or w ith  
b u f fe r  p lu s  la m in a rin a se , fo r  5 h . The su p e rn a ta n ts  were run in  
so lv en t D w ith  g lu co se  as a m arker.
The g lu co se  m arker ran  about 25 cm from th e  o r ig in , b u t th e
ra d io a c t iv e ly - la b e l le d  b u ffe r  and enzyme incubated  samples moved only
2 cm from th e  o r ig in ,  w ith  no evidence o f any breakdown. The
experim ent was re p ea ted  w ith  a 24 h enzyme in c u b a tio n , but th e re  was *
14
s t i l l  no ev idence o f  enzyme a c t i v i t y ,  in d ic a t in g  th a t  th e  [ C] x y lo se - 
la b e l le d  p roduct does n o t have a ^5(1-3) g lucan backbone.
14In v e s tig a t io n  of [ C] x y lo s e - la b e lle d  p roduct b ind ing  to  c e l lu lo s e
Bauer e t  a l  (1973) have p resen ted  evidence in  support o f th e  
h y p o th e sis  t h a t  h e m ic e llu lo se s  bind s tro n g ly  to  c e l lu lo s e , and th a t  
t h i s  a ttachm ent i s  m ediated through hydrogen bonds. In  t h e i r  
experim ents, 36-84$ o f a sycamore e x t r a c e l lu la r  xyloglucan bcund to  
Whatman c e l lu lo s e  in  l e s s  than  5 min, and approxim ately  15-20$ o f th e  
ce llu lo se -b o u n d  xyloglucan  was re le a se d  by overn igh t in cu b a tio n  w ith  
Trichoderma v i r id e  endoglucanase. Valent and Albersheim (1974) found 
th a t  th e  percen tage  b ind ing  of n ine  sugar xyloglucan fragm ents was 
in c reased  by th e  a d d it io n  o f  o rganic  s o lv e n ts , by reducing th e
tendency o f th e  fragm ents to  hydrogen bond to  th e  so lv e n t. The 
percen tage  b ind ing  of xyloglucan  fragm ents to  c e l lu lo s e  a t  2°C v a ried
<£ Q
frcm 33 in  60$ ace tone  to  38% in  65$ ace to n e . At 25 C in  70$ 
ace tone  45$ b ind ing  occurred .
A f u r th e r  p ro p e rty  of xylcglucan  and i t s  d ig e s t io n  p roducts  
re p o rte d  b y A sp in a ll e t  a l  (1969) i s  th e  d e so rp tio n  o f c e l lu lo s e -  
bcund xyloglucan  by 24$ KOH, which brought about d e so rp tio n  o f up 
to  § o f th e  adsorbed r a d io a c t iv i ty .
14These p ro p e r t ie s  were in v e s t ig a te d  fo r  th e  [ C] x y lo s e - la b e lle d
product fo llo w in g  th e  method of Camirand and M aclachlan (1986), who
in v e s t ig a te d  th e  b io sy n th e s is  of a fu co se-co n ta in g  xyloglucan non-
a sa c ch a rid e  by pea m icrosom al membranes. As in v e s t ig a t io n s  of
c e l lu lo s e  b ind ing  a re  g e n e ra lly  c a r r ie d  out w ith  p a r t i a l l y  s o lu b i l is e d
14xylog lucan , th e  f i r s t  s te p  was th e  p a r t i a l  d ig e s t io n  o f [ C ]xy lose-
14la b e l le d  p ro d u c t. P e l l e t s  from 60 min UDP-D-[ C]xylose in cu b a tio n s
u s in g  th e  s tan d a rd  in cu b a tio n  m ix ture  were pooled to  g iv e  an 830 Bq
sample. This was hydrolysed  a t  25°C w ith 0 .5  ml 50 mg.cm”  ^ d r i s e la s e
-3in  50 mmoldm a c e ta te  b u f fe r ,  pH 4 .5 . The su p e rn a tan t was removed
3
a t  30 min in te r v a l s  up to  90 min andftresh enzyme so lu tio n  (0.5cm  ) 
was added. The su p e rn a tan t was d rie d  onto  a s t r i p  o f Whatman No. 1 
paper and counted in  to lu en e  s c i n t i l l a n t  a t  each tim e in t e r v a l .  From 
the: 30, 60 and 90 min sam ples, 116 Bq, 94 Bq and 32 Bq re s p e c tiv e ly
were re le a se d  in to  th e  su p e rn a ta n t. A fte r e lu t io n  from th e  paper and
pooling  o f sam ples, a 228 Bq. sample r e s u l te d .  This sample was ro ta r y
3evaporated  to  d ry n ess , d is so lv e d  in  400 mm H^ O and then  added w ith  
ace to n e  to  100 mg c e l lu lo s e  powder to  give an 83% ace tone  s o lu t io n .
T his was s t i r r e d  f o r  30 min and then  l e f t  to  s e t t l e  fo r  2 h . A fte r  
c e n tr ifb g in g  a t  700 x g f o r  5 min th e  su p ern a tan t was counted, by 
d ry ing  onto a  chromatography paper s t r i p  and counting  in  to lv en e  
s c i n t i l l a n t .  The su p e rn a ta n t contained  93.6  Bq i . e .  41/6 o f th e  
r a d io a c t iv i ty .  Thus 59% o f th e  r a d io a c t iv i ty  was bound to  th e  
c e l lu lo s e  powder. This f ig u re  ag re es  w ell w ith  th a t  o f V alent and 
Albersheim  who found 45? b ind ing  in  70% acetone  a t  25°C.
3
The c e l lu lo s e  powder was then e x tra c te d  fo r  30 min w ith  0.5cm 
24? KOH. I t  was c e n tr ifb g e d  a s  above, th e  su p e rn a tan t was n e u tr a l is e d  
w ith  two drops o f a c e t i c  a c id  then  counted in  xylene s c i n t a i l l a n t .
This con tained  56.8 Bq, i . e .  30.6? o f th e  bound r a d io a c t iv i ty  was 
re le a se d  from th e  c e l lu lo s e  by KOH.
These f ig u re s  ag ree  w ell w ith  th o se  recorded , and prov ide 
fb r th e r  evidence t h a t  th e  product i s  xy log lucan .
I t  i s  though t t h a t  seme p o ly sacch arid es  may be a tta c h e d  to
p ro te in  d u ring  a n d /o r fo llo w in g  b io sy n th e s is  (Waldron & B re t t ,  1985).
14T his was in v e s t ig a te d  fo r  th e  [ C ]x y lo se - lab e lle d  product by a n a ly s in g
th e  p roducts  o f  p ro te in a se  d ig e s t io n  by g e l - f i l t r a t i o n .  F i r s t l y  a
p ro te in a se  d ig e s t io n  was performed to  confirm  th a t  th e  product was n o t
14a g ly c o p ro te in  c o n ta in in g  s h o r t ,  [ C ]lab e lled  o ligosaccharide  s id e  
ch a in s .
14P ro te in a se  K d ig e s t io n  o f [ C ]x y lo se -lab e lle d  p o ly sacch arid e  product
14Two [ C] x y lo s e - la  b e lled  p e l l e t s  from a 60 m inute s tan d a rd  
in cu b a tio n  were incubated  w ith  P ro te in a se  K o r  b u ffe r  a s  d esc rib ed  
(Ch.2 p .5 9 ) .  The sam ples con tained  87.9 and 55.4 Bq r e s p e c t iv e ly .  
A fte r c e n tr ifu g in g , th e  su p e rn a tan t and p e l l e t  from each in cu b atio n  
were counted in  xy lene s c i n t i l l a n t .
There was no a p p re c ia b le  d if fe re n c e  between enzyme-and b u f fe r -  
incubated  p ro d u c ts  (Table 1) i . e .  no s o lu b i l i s a t io n  by P ro te in a se  K.
A more d e ta i le d  exam ination o f  th e  p ro d u c ts  o f  P ro te in a se  K 
d ig e s tio n  was c a r r ie d  ou t to  id e n t i f y  any changes to  th e  p roduct 
brought about by h y d ro ly s is .  Before p roceed ing  w ith  t h i s  exam ination , 
th e  a c t i v i t y  o f  P ro te in a se  K a g a in s t  p u r i f ie d  tam arind xyloglucan was 
examined a s  a c o n tro l .  An enzym e-incubated tam arind  xy log lucan  sample 
was s o lu b i l is e d  in  cadoxen (Ch.2 p . 62) and then run down a sepharose 
CL6B co l unn (48 x 1 cm) in  50% cadoxen w ith  d in itro p h e n y lly c in e  and
3
b lue  dex tran  a s  m ark ers . Samples o f  0 .5  cm were c o lle c te d  and 
carbohydrate  d e te c te d  u s in g  phenol and suphuric  ac id  (Ch.2 p . 6 4 ).
A ll  carbohydrate  was d e te c te d  as  one h igh  m olcu lar w eight peak w ith  no 
evidence o f breakdown to  sm a lle r p ro d u c ts .
14G e l - f i l t r a t io n  o f P ro te in ase -K  d ig e s ted  [ C ]x y lo se - lab e lie d  p roduct
14 .Samples la b e l le d  w ith  [ C]xylose from 60 min s tan d ard  in c u b a tio n s
were pooled to  g iv e  two sam ples co n ta in in g  approx . 90 Bq each .
Samples were in cu b ated  w ith  P ro te in a se  K o r w ith  b u f fe r  a s  d e sc rib ed
(Ch.2 p .5 9 ) , and th e  in cu b a tio n  was te rm in a ted  by a d d itio n  o f 100#
Table 1
14P ro te in ase -K  h y d ro ly s is  o f [ C ]x y lo se - lab e lle d  p o ly sacch arid e
14p roduct frcm 60 min s tan d a rd  in c u b a ticn s  w ith  UDP-D-[U C jxylose, 
in cu b a ted  w ith  a . enzyme or b. b u ffe r
S o lu tio n R a d io a c tiv ity
Bq
% breakdown 
by enzyme
a .
S u p ern a tan t (enz. i n c . ) 
P e l l e t  (enz. i n c . )
23 .2
3.8
16.4#
S upern a tan t (b u f . i n c . )
b.
P e l l e t  (Buf. i n c . )
22 .7
2 .4
10.5#
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cadoxen. R a d io a c tiv ity  was d e tec te d  by counting  in  xylene s c i n t i l l a n t ,  
and blue d ex tran  and d in itro p h e n y lly c in e  were used a s  m arkers.
There was a  marked d if fe re n c e  in  e lu tio n  p a t te rn s  o f in cu b a tio n  
p ro ducts  from the  two in c u b a tio n s  (F ig . 10a & b ) . The b u ffe r  
in c u b a tio n  r e s u l te d  in  one s in g le  peak of r e l a t iv e ly  h igh  m olecu lar 
w eight m a te r ia l ,  w h ile  th e  enzyme in cu b a tio n  gave two peaks, 
corresponding  to  th e  high  m olecu lar w eight m a te r ia l  o f  the  b u ffe r  
in c u b a tio n , and a much low er m olecu lar w eight p roduct, w ith  an 
approxim ate m o lecu lar w eight o f 100,000. This su g g es ts  product 
breakdown by P ro te in a se  K, and in d ic a te s  t h a t  th e  product i s  a tta c h e d  
to  a  p ro te in . E s tim a tio n s  o f  m olecu lar w eigh ts o f p ro d u c ts  a re  
l i k e ly  to  be in a c c u ra te , a s  th e  column co n tra c te d  by about 4 cm w hile  
sam ples were being run , presumably due to  changes in  i t s  p ro p e rty  
brought abou t by cadoxen.
14E ffe c t o f c e l lu lo s e  oligom er a d d itio n  to  s tan d a rd  UDP-D-[U C ]xylose 
in cu b a tio n s
The e x is te n c e  o f a ’p rim er’ o r ’a c c e p to r ' fo r  c e l l  w all poly­
sacch arid e  b io sy n th e s is  has been p o s tu la te d  (M aclachlan, 1981;
S toddard , 1984). I f  such a  m olecule e x is t s  f o r  th e  UDP-xylose 
x y lo s y ltra n s fe ra s e  system , i t s  presence in  in c u b a tio n s  should in c re a s e  
in c o rp o ra tio n  o f r a d io a c t iv i ty  m arkedly.
The e f f e c t  o f c e l lu lo s e  fragm ents o f v a ry in g  s iz e  on in c o rp o ra tio n  
14from UDP-D-[U C]xylose was measured by perform ing 60 min s tan d a rd
Figure 10
Sepharose CL-2B p r o f i l e  o f P ro te in ase-K -h y d ro ly sed ,
c ad o x e n -so lu b ilise d  p o ly sacch arid e  ( la b e lle d  w ith
14r a d io a c t iv i ty  frcm UDP-D-[U C ]xylose d u ring  60 min 
s tan d a rd  in c u b a t io n s :-
a ) in cu b a ted  w ith  b u ffe r
b) in cu b a ted  w ith  P ro te in ase-K
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Figure 11
E ffe c t  o f c e l lu lo s e  o ligom er a d d itio n  on in c o rp o ra tio n  frcm 
UDP-D-[ U ^C ]xylose by p a r t ic u la te  enzyme p re p a ra tio n  frcm 
bean suspension  c u l tu re s :  in c o rp o ra tio n  a t  60 min s tan d a rd
in c u b a tio n s .
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in c u b a tio n s  w ith  c e l lu lo s e  oligom ers p re sen t in  in c u b a tio n s .
C e llu lo se  o ligom ers were produced a s  desc rib ed  (Ch.2 p. 65 ) .
S tandard  in c u b a tio n s  co n ta in in g  740 Bq were used w ith  10 mm cf c e llu lo se  
oligom er s o lu tio n  added to  each. A c o n tro l w ith  no added c e l lu lo s e  
was perform ed, and e x tra c te d  p e l le t s  were counted in  xylene s c i n t i l l a n t .
There was no evidence o f  s tim u la tio n  o f in c o rp o ra tio n  o f  ra d io ­
a c t i v i t y  by c e l lu lo s e  oligom er a d d itio n  ( F ig .11). There was 
however a s l ig h t  in h ib i t io n  o f  in c o rp o ra tio n  which was maximal where 
oligom er le n g th  was g r e a te s t  ( i . e .  minimum h y d ro ly s is  tim e ).
Maximum in h ib i t io n  however only to t a l l e d  16/6, so th e  a d d itio n  of 
c e l lu lo s e  o ligom ers seems to  have l i t t l e  e f f e c t  on th e  x y lo s y ltra n s fe ra s e  
system .
D iscussion
14The product o f in c u b a tio n  of UDP-D- (TJ Q xy lose w ith  bean p a r t i c u la te
14enzyme p re p a ra tio n  i s  a [ C\ x y lo s e - la b e lle d  po ly sacch arid e  w ith  a
6 6m olecu lar w eight of between 1 x 10 and 20 x 10 . There may
14a ls o  be a sm all p ro p o rtio n  o f  a [ C ]a ra b in o se -la b e lle d  p roduct formed
14by epim erase a c t io n .  At l e a s t  some o f th e  [ C ]x y lo se -lab e lle d  p roduct 
i s  broken down by d r i s e la s e  to  a c h a r a c te r i s t i c  d isac c h a rid e  which co­
chrom atographs w ith  iso p rim everose , a fe a tu re  c h a r a c te r i s t i c  only of 
xy log lucan , acco rd ing  to  Hayashi & Matsuda (1981c). This 
d isa c c h a r id e  was f u r th e r  c h a ra c te r is e d  by borohydride red u c tio n  and 
found to  have xy lose  a t  th e  non-reducing  end, presumably w ith  g lucose
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in  th e  reducing  p o s it io n  deriv ed  frcm th e  backbone o f th e  p o ly - • 
sacch a rid e  p ro d u c t. The p o ly saccharide  was fu r th e r  confirm ed as  a 
JU1-4) g lucan  by i t s  re s is ta n c e  to enzymic breakdown by la m in a rin a se , 
a ^3(1-3) g lu can ase .
F u r th e r  ev idence th a t  th e  po ly sacch arid e  i s  xyloglucan  was
14provided by a c e l lu lo s e  b ind ing  stu d y . Of a [ C ]x y lo se - lab e lle d  
sam ple, p a r t i a l l y  hydrolysed  by d r i s e la s e ,  59$ o f th e  r a d io a c t iv i ty  was 
found to  bind to  c e l lu lo s e  powder in  83$ ace to n e , and of t h i s  30.6$ 
was re le a se d  frcm th e  c e l lu lo s e  by KOH.
The p a r t ic ip a t io n  of a p ro te in  in te rm e d ia te  in  h e te ro p o ly sa c ch a rid e
b io sy n th e s is  in  p la n ts  has been p o s tu la te d  (M aclachlan, 1985) and a
g ly co p ro te in -d ep en d an t mechanism has been proposed (Robyt, 1979 ), a s
a r e s u l t  o f s tu d ie s  on th e  b io sy n th e s is  of b a c te r ia l  e*—d e x tra n s  and
f ru c ta n s . There i s  however no d i r e c t  evidence fo r  involvem ent o f
p ro te in  in te rm e d ia te s  in  h e te ro p o ly sacch a rid e  b io sy n th e s is . In cu b a tio n  
14o f th e  [ C ]x y lo se - lab e lle d  product from bean suspension  c u l tu re s  w ith
p ro te in a se  K d id  n o t r e s u l t  in  any re le a s e  o f r a d io a c t iv i ty  in to  th e
14su p e rn a ta n t (Table 1 ), however a n a ly s is  of cad oxen- s o lu b i l i s e d  [ C]
x y lo s e - la b e lle d  p roduct which had been incubated  w ith  P ro te in a s e  K
re s u l te d  in  a m o d if ic a tio n  of the  p roduct (F ig . 10). This r e s u l te d  in
two peaks o f r a d io a c t iv i ty  from th e  enzym e-incubation where only one
re s u l te d  frcm th e  b u f f e r  in c u b a tio n . This su g g ests  t h a t  th e  m o lecu lar 
14w eight o f th e  [ C] la b e l le d  po lysaccharide  product i s  in c re a se d  by i t s  
a ttachm ent to  a p ro te in .  No a ttem p t was made to  c h a r a c te r is e  o r id e n t i f y
t h i s  p ro te in  as  i t  was considered  cu tw ith  th e  scope o f t h i s  s tu d y , 
bu t t h i s  f in d in g , a s  suggested  by Spencer and M aclachlan (1972), 
does h e lp  to  ex p la in  th e  r e l a t iv e ly  high m o lecu lar w eight o f po ly ­
sacch a rid e  p roducts formed in  v i t r o  can pared to  th o se  in  v iv o .
A second d if fe re n c e  between in  v ivo  and in  v i t r o  p roducts
h ig h lig h te d  by M aclachlan (1981) i s  th e  r a p id i ty  o f s y n th e s is  in
whole t i s s u e  compared w ith  enzyme p re p a ra tio n s , su g g es tin g  a m issing
elem ent in  th ese  c ircu m stan ces . Many groups have experim ented w ith
p o te n t ia l  f prim ers* adding e .g .  c e l lo d e x tr in s ,  la m in a rid e x tra n s  and
c e llo b io se  to  in cu b a tio n s  to  no e f f e c t .  In t h i s  s tudy  c e l lu lo s e
powder and c e l lu lo s e  oligom ers of vary ing  le n g th  were added to
14in c u b a tio n s  w ith  UDP-D-RJ C]xylose b u t no e f f e c t  upon in c o rp o ra tio n  
was observed (F ig .1 1 ) .
14As a f in a l  s ta g e  in  th e  id e n t i f i c a t io n  o f th e  [ C ]xy lose- 
la b e l le d  p roduct, canparison  was made w ith  th e  product of a. x y lan - 
x y lo s y ltra n s fe ra s e  (C hapter 6 ) .
Chapter 6
INVESTIGATION OF INCORPORATION OF XYLOSE FROM UDP-D- 
[U 1AC] XYLOSE INTO XYLAN BY BEAN SUSPENSION CULTURE
In  th e  c e l l  w a ll the  main x y lo se -co n ta in in g  p o ly sacch arid es
a re  th e  xy log lucans and th e  xy lan s. The xylans in c lu d e  a rab in o x y lan s ,
which predom inate in  monocot prim ary w a lls , and g lucuronoxy lans, which
form the  p r in c ip a l  xylan group in  angiosperms. Xylose in c o rp o ra tio n
from UDP-xylose in to  xyloglucan  was in v e s t ig a te d  by D alessandro  and
N orthcote (1981) in  sycamore t i s s u e ,  which was f r a c t io n a te d  in to
cam bial c e l l s ,  d i f f e r e n t i a t i n g  xylem c e l l s  and d i f f e r e n t ia te d  xylem
c e l l s .  P a r t i c u la te  enzyme p re p a ra tio n s  ob ta ined  frcm hcmogenates
14o f th e se  c e l l s  c a ta ly z ed  th e  t r a n s f e r  o f D-[U C ]xylose from UDP-D- 
14[U C ]xylose in to  an a lk a l i - s o lu b le  j3(1 -  4 )- l in k e d  x y lan . The 
enzyme p re p a ra tio n  was perform ed w ith  potassium  phosphate b u f fe r  and 
was c e n tr ifu g e d  a t  100,000 x g fo r  60 min ( d e ta i l s  in  Chapter 2, p .53). 
The method o f D alessandro  and N orthcote (1981) was used in  t h i s  s tudy  
to  in v e s t ig a te  th e  b io sy n th e s is  o f xylan by a p a r t ic u la te  enzyme 
p re p a ra tio n  frcm bean suspension  c u ltu re  to  a llo w  comparison o f xylan 
and xy loglucan  in c u b a tio n  p ro d u c ts .
14In c o rp o ra tio n  o f r a d io a c t iv i ty  from UDP-D-fU C lxylose in to  xylan 
by a p a r t ic u la te  enzyme p rep a ra tio n  from bean suspension  c u l tu r e .
Xylan b io sy n th e s is  in  bean su sp e n s io n -c u ltu re s  was f i r s t
in v e s t ig a te d  by m odifying th e  in cu b a tio n  c o n ten ts  used by D alessandro
and N orthcote (1981). The enzyme was prepared a s  o u tlin e d  in
14C hapter 2 (p . 53) and in cu b a tio n s  comprised e i th e r  UDP-D-[U CO xy lose
(201 i^mo],dm” ^, 370 Bq) and HnCi^ (10 mmoldm*’^ ) ,  o r UDP-D- U^C
—3 —3x y lose  (0.38 /moljdm , 370 Bq) and MnC^ (10 mmoldm ).
In c o rp o ra tio n  o f r a d io a c t iv i ty  in to  p o ly sacch arid e  occurred  in
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Table 1
14In c o rp o ra tio n  o f r a d io a c t iv i ty  frcm UDP-D-[U C]xylose in to  
p o ly sacch arid e  by p a r t i c u la te  enzyme p re p a ra tio n  frcm su sp en sio n - 
c u ltu re d  bean from two in cu b a tio n  m ix tu res :
a) UDP-D-[U^C]xylose (201.4 jimoLdnT^, 370 Bq) and 
MnClg (10  mmoldm"’3 )
b) UDP-D-[U1AC ]xylose (0 .38  jmnoLdm” 3, 370 Bq)
In cu b a tio n  m ix tu re  In cu b a tio n  tim e (min)
14c o n ce n tra tio n  of UDP-D-[U C]xylose 0 60
a ) 200.4  jimoldm 3 1 . 7 - 0  Bq 2 6 . 6 - 0 . 3  Bq
b) 0 .38  junoldnf3 1 .7 -  0 .2  Bq 61.9 -  1 .5  Bq
both in c u b a tio n  m ix tu res  (T able 1), bu t was g r e a te s t  where UDP-D- 
[U ^ C lx y lo se  was p re sen t a t  0 .38  pmoWm”^ i . e .  h ig h e r s p e c i f ic  
a c t i v i t y .  Zero tim e v a lu es  were low, so non -covalen t b ind ing  d id  
n o t ap p ear to  be a problem.
F u rth e r  in v e s t ig a t io n  o f t h i s  system was c a r r ie d  out by lo c k in g
14a t  in c o rp o ra tio n  from UDP-D-[U C]xylose in to  xylan u s in g  th e  b u f fe r  
used in  p rev io u s  in v e s t ig a t io n s  o f  xyloglucan b io sy n th e s is  i . e .
Tri/H Cl pH 7 .5 , 100 mmoldnT'*.
14Comparison o f  in c o rp o ra tio n  frcm UDP-D-[U C]xylose u sin g  potassium  
phosphate and Tris/H C l b u f fe rs
Enzyme p re p a ra tio n s  were made a s  p rev io u sly  (Ch.2, p . 51 ) ,  
u s in g  e i th e r  potassium  phosphate o r Tris/H Cl fo r  hom ogenisation and 
re su sp en sio n .
The s tan d a rd  in c u b a tio n  m ix tu re  was used and in c u b a tio n s  were 
te rm in a ted  a t  0 , 15 and 60 min.
In c o rp o ra tio n  was co n sid e rab ly  g re a te r  where potassium  phosphate 
was used  a s  th e  b u f fe r  (F ig . 1 ). Where Tris/H C l was used ze ro  tim e 
v a lu es  were r e l a t iv e ly  h ig h , and in c o rp o ra tio n  in c re a se d  only 
m arg in a lly  over 60 m in. Thus the  enzyme complex which i s  a c t iv e  
when potassium  phosphate i s  used does no t seem to  be a c t iv e  when 
Tris/HCl i s  u sed . This su g g es ts  th e  p roduct i s  n o t xy log lucan , th e  
sy n th e s is  o f which appears  to  re q u ire  d i f f e r e n t  c o n d itio n s .
This was f a r th e r  in v e s t ig a te d  by a n a ly s in g  th e  p roducts  of th e  two 
system s.
F igure 1
14In c o rp o ra tio n  o f r a d io a c t iv i ty  frcm UDP-D-[U C] xy lose  by 
p a r t i c u la t e  enzyme p re p a ra tio n  from su sp e n s icn -cu ltu red  
bean u s in g  ( | |  ) potassium  phosphate or (
T ris/H C l a s  hom ogenisation and resuspension  b u ffe rs  
(s ta n d a rd  in c u b a tio n s ) .
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r 14A n aly sis  o f L C Jx y lo se -la b e lled  xylan product by enzyme h y d ro ly s is .
14A [ C ]-x y lo se - la b e lle d  product from a xylan p re p a ra tio n , 
c o n ta in in g  approx. 75 Bq was incubated  fo r  6 hours w ith  d r i s e la s e  
in  a c e ta te  b u f f e r  (Ch.2 p. 58 ) .  A sample of commercial xylan was 
s im ila r ly  hydro lysed  f o r  use  a s  a m arker along w ith  x y lo se . Samples 
were run on paper chromatography in  so lv en t C fo r  24 hours.
The hydro lysed  xylan m arker gave a s e r ie s  o f peaks co rrespond ing  
to  a- sm all amount o f p a r tia lly -h y d ro ly se d  high m olecular-w eaght 
m a te r ia l  a t  th e  o r ig in , c le a r  p e n ta - , t e t r a - ,  and t r i - s a c c h a r id e  peaks 
and le s s  d i s t i n c t  d i -  and m ono-saccharide peaks. The m ono-saccharide 
peak cochrom atographed w ith  th e  xy lose  marker . The ra d io  a c t iv e ly -  
la b e l le d  sample (F ig . 2) gave a very s im ila r  p a t te rn  o f peaks, w ith  
th e  c le a r e s t  peaks corresponding  to  p en ta- and te t r a - s a c c h a r id e s ,  and 
sm a lle r , l e s s  d i s t i n c t  peaks o f t r i - ,  d i -  and m onosaccharides.
14The d r i s e la s e  h y d ro ly s is  p roducts from th e  [ C] x y lo s e - la b e lle d  
xylan in c u b a tio n  product th u s  appeared to  be i d e n t i c a l  to  th o se  from 
th e  xylan h y d ro ly s is , sug g estin g  th e  in cu b atio n  p roduct i s  a x y la n .
This was checked by comparing th e  d r is e la s e  h y d ro ly s is  p roducts  o f  a 
xylan p re p a ra tio n  w ith  those  from a xyloglucan p re p a ra t io n .
14D rise la se  h y d ro ly s is  o f [ C] x y lo se - la b e lle d  xyloglucan p roduct
14 . .A [ C ]x y lo se - lab e lle d  xyloglucan p re p a ra tio n  sample c o n ta in in g
approxim ately  95 Bq was hydrolysed fo r  6 hours w ith  d r i s e la s e  (C h.2 p . 58 )
and run on th e  same so lv e n t system as above. C ello b io se  and g lu co se
F igure 2
Paper-ch rcm atog raph ic  s e p a ra tio n  of d r is e la se -h y d ro ly se d  p ro ducts  of
14in c u b a tio n  o f UDP-D[U C ]xylose w ith  bean p a r t i c u la te  enzyme p re p a ra tio n  
(u sin g  xylan p re p a ra tio n  s tan d a rd  in c u b a tio n s ) ; run w ith  d r i s e la s e -  
hydrolysed  xylan  m arkers, x 2 -  x 5 .
F igu re  3
P aper-ch rcm atog raph ic  se p a ra tio n  of d r ise la se -h y d ro ly se d  p ro ducts
14o f in c u b a tio n  o f UDP-D-[U C]xylose w ith  bean p a r t i c u la te  enzyme 
p re p a ra tio n  (u sin g  xylog lucan  p re p a ra tio n  s tan d a rd  in c u b a tio n s ) ;  
run w ith  su g ar m arkers.
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were used a s  m arkers .
A s in g le  peak o f r a d io a c t iv i ty  was found, runn ing  between th e  
c e l lo b io s e  and g lu co se  m arkers, i . e .  probably  a d i  s a c c h a r id e , and a 
sm all peak a t  th e  o r ig in  corresponding  to  non-hydro lysed  m a te r ia l  
(F ig . 3 ) .  The peak was spread  over s e v e ra l  c en tim e te rs , so  may 
correspond t o  a m ix tu re  o f d i f f e r e n t  s ized  p ro d u c ts . Given t h a t  th e  
enzyme h y d ro ly s is  and chromatography system s used f o r  xylan and 
xyloglucan p ro d u c ts  were id e n t ic a l ,  i t  i s  ev id en t th a t  th e  i n i t i a l  
in cu b a tio n  p ro d u c ts  a re  n o t th e  same.
14H ydro lysis  of f C lx y lo se - la b e lle d  xylan p ro d u c t by in c u b a tio n  w ith  
lam in a rin ase
A lthough.no xy loglucan  w ith  a B(1 —3) linked  g lucan  backbone has 
been rep o rted  amongst h igher p la n t  c e l l  w a ll  p o ly sa c c h a r id e s , a s  a 
f i n a l  c h a r a c te r is a t io n  s te p  th e  x y lan -in cu b a tio n  p roduct was hydrolysed  
w ith  a B (1—3) g lu can ase , la m in a rin a se . T his enzyme had l i t t l e  a c t i v i t y  
a g a in s t  (1 -4 ) lin k ed  g lucan  d e r iv a t iv e s  such a s  xy loglucan  (see  e a r l i e r  
experim ent, Ch.5 p . 149).
Lam inarinase h y d ro ly s is  was c a r r ie d  out a s  d esc rib ed  (Ch.2 p . 59) 
and th e  h y d ro ly sa te  was ru n  on th e  same chromatography system  a s  in  th e  
p rev ious experim en t. L am inarinase-hydrolysed lam in a rin  and g lucose  
were used a s  m arkers .
The sample d id  n o t move from the  o r ig in  and no peaks were d e te c te d . 
The lam in arin ase -h y d ro ly sed  lam inarin  gave a s e r ie s  o f peaks on 
development w ith  s i l v e r  n i t r a t e ,  th e  c le a r e s t  being t r i -  and d is a c c h a r id e s ,
and a m onosaccharide which co-chrcm atographed w ith  th e  g lucose  m arker. 
The ra d io a c t iv e ly - la b e l le d  sample d id  n o t th e re fo re  appear to  co n ta in  
J3( 1- 3 ) g lucan  l in k a g e s .
P a r t i c u la te  enzyme p re p a ra tio n s  from su sp e n s io n -c u ltu re d  bean
14appear to  be capab le  o f in c o rp o ra tin g  xylose frcm UDP-D-[U C] xy lose  
i n t o  xyloglucan  or in to  xy lan , depending upon th e  experim en tal 
c o n d itio n s  u sed . The two system s seem to  be d i s t i n c t  w ith  t h e i r  
own s p e c i f ic  requ irem en ts.
D iscussion
14 14The in c o rp o ra tio n  of [ C] xylose  frcm UDP-D-[U C] xy lose  in to
xylan was in v e s t ig a te d  by D alessandro  and N orthco te  (1981), and th e
same system was used to  in v e s t ig a te  xylan b io sy n th e s is  in  su sp e n sio n -
cu ltu red  bean c e l l s .  Although D alessandro and N orthcote used enzyme
p re p a ra t io n s  from d i f f e r e n t i a t in g  o r d i f f e r e n t ia te d  xylem c e l l s  where
secondary w a lls  would be expected to  predom inate, s im ila r  r e s u l t s
were found fo r  th e  bean su sp e n s io n -c u ltu re  t i s s u e ,  su g g es tin g  s im i la r
p ro d u c ts  may r e s u l t  from th e  in c u b a tio n s .
The p roducts o f th e  xylan p re p a ra tio n  and th e  xyloglucan  
p re p a ra tio n  frcm ch ap te r 4 were compared. The m ajor d if f e r e n c e s  
between th e  p re p a ra tio n s  were th e  b u f fe r  used and th e  d u ra tio n  of 
c e n tr i fu g a t io n .  Using th e  xyloglucan p re p a ra tio n , in c o rp o ra tio n  o f
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r a d io a c t iv i ty  frcm UDP-D-OU C] xylose  only occurred when UDP-glucose 
was p re se n t (c h a p te r  4 ) , sug g estin g  th e  p roducts o f th e se  system s 
d i f f e r e d ,  d e s p i te  th e  same t is s u e  being  used fo r  both .
D r is e la s e  h y d ro ly s is  of the  ra d io a c t iv e ly - la b e l le d  p ro d u c t of 
th e  xylan p re p a ra t io n  gave a s e r ie s  of peaks, co -ch rana tpg raph ing  
w ith  c e r ta in  p ro d u c ts  r e s u l t in g  frcm th e  d r is e la s e  h y d ro ly s is  o f 
larch-w ood xy lan , m ainly  fo u r and f iv e  carbon h y d ro ly sa te s .
D r is e la se  h y d ro ly s is  o f th e  ra d io a c t iv e ly - la b e l le d  p roduct o f th e  
xylog lucan  p re p a ra t io n  re s u l te d  in  one peak only, a  d is a c c h a r id e  which 
co-chrcm atographed w ith  isoprim everose . T his confirm ed t h a t  th e  
p ro d u c ts  o f th e  two enzyme systems d i f f e r .
14F u rth e r  c h a r a c te r is a t io n  of th e  [ C ]- la b e lle d  p roduct of th e  
xylan system by h y d ro ly s is  w ith  lam in arin ase  showed th a t  i t  was 
u n lik e ly  to  have }3( 1-3) g lucan  lin k ag es  as no breakdown o f  p ro d u c t o ccu rred  
w ith  t h i s  enzyme.
I f  th e  p roduct o f th e  enzyme system w ith  p a r t i c u la t e  p re p a ra t io n  
frcm bean in v e s t ig a te d  h ere  i s  a xy lan , then  i t  i s  most u n lik e ly  th a t  
th e  product o f th e  g lu co se -s tim u la ted  in c o rp o ra tio n  in v e s t ig a te d  in  
th e  p rev ious two c h a p te rs  i s  a ls o  a xylan, a s  th e  two system s c le a r ly  
have d i f f e r e n t  requ irem en ts  and p ro p e r tie s . This p ro v id es  f u r th e r  
evidence th a t  th e  p roduct i s  xyloglucan .
Chapter 7
INVESTIGATION OF INCORPORATION OF GLUCOSE FROM UDP-D- fU14C1 
GLUCOSE BY BEAN SUSPENSION CULTURE
There e x i s t s  a  wide range o f g lu c o se -c c n ta in in g  c e l l  w a ll p o ly ­
sa c c h a rid e s . T his f a c t ,  coupled w ith  th e  p o s s ib i l i t y  of ep im erase or 
o th e r m o d if ic a tio n  o f th e  UDP-glucose p recu rso r, i s  l ik e ly  to  make 
i s o la t io n  and id e n t i f i c a t io n  o f s p e c if ic  sy n th e ta se  enzymes and t h e i r  
p ro d u c ts  d i f f i c u l t .  G lucosyl t r a n s fe ra s e s  involved in  th e  b io s y n th e s is  
o f xy log lucan  have however been s tu d ied  by two g roups. Hayashi and 
Matsuda (1934) s tu d ie d  a x y lo g lu can -4 -B -D -g lu co sy ltran sfe rase  in
su sp e n s io n -c u ltu re d  soybean c e l l s .  They found th a t  in c o rp o ra tio n  of 
14[ C] g lucose  in to  xyloglucan depended cn th e  p resence  o f UDP-xylose in
-3th e  in c u b a tio n  m ix tu re , th e  optimum co n ce n tra tio n  being 10 -  30 jumol.dm
Ray (1980) s tu d ied  a g lu c o n sy I tra n s fe ra se  o f pea G olg i membranes, and
found no s tim u la tio n  by UDP-xylose, though a t  c o n c e n tra tio n s  above 
-350 p io l.dm  in h ib i t io n  o ccu rred .
14The in c o rp o ra tio n  o f g lucose  from UDP-D-[U C]glucose was 
in v e s t ig a te d  fo r  th e  bean suspension c u ltu re  by f i r s t  s tu d y in g  th e  
e f f e c t  o f  v a ry ing  sugar n u c le o tid e  com position o f in c u b a tio n .
E f fe c t of vary ing  UDP-xylose co n cen tra tio n  on in c o rp o ra tio n  o f r a d io -
14a c t i v i t y  frcm UDP-D-fU C lglucose -  1.
In cu b a tio n s  were performed f o r  0 and 15 m in. and oontained  
UDP-D-[U^C]glucose (0.8 pnol.dm ” 3 , 925 Bq) ttiC l2 (10 mmol.dm” 3 ) and a
_3
range of UDP-xylose c o n ce n tra tio n s  from 0 to  200 ^umol.dm . In co rp o ra  
t io n  o f r a d io a c t iv i ty  from in cu b a tio n s  was n e g l ig ib le  a t  a l l  
c o n c e n tra tio n s  of UDP-xylose.
The experim ent was repeated  w ith  n o n -ra d io a c tiv e  UDP-glucose and
UDP-xylose p resen t in  in cu b a tio n s .
E ffe c t of UDP-xylose co n ce n tra tio n  on in c o rp o ra tio n  o f r a d io a c t iv i ty  
from UDP-D-[U^C]glucose -  2 .
In cu b a tio n s  were perform ed w ith  a co n stan t UDP-glucose
c o n c e n tra tio n , and vary ing  UDP-xylose co n ce n tra tio n s . In cu b a tio n s
14
con tained  0-200 jimoldm UDP-xylose, UDP-D-[U C] g lucose  (200.77
-3  -3jUmoLdm , 925 Bq) and MnCl2 (10 mmol,dm ), and were" te rm in a ted  a t  0
and 15 min.
In co rp o ra tio n  was g e n e ra lly  high bu t w ith  wide v a r ia t io n  between 
r e p l ic a te s  (Table 1 ). ..Maximum in c o rp o ra tio n  occurred in  th e  absence 
of UDP-xylose, and in c o rp o ra tio n  decreased w ith  in c re a s in g  UDP-xylose, 
c o n c e n tra tio n . There was no evidence o f  s tim u la tio n  o f  in c o rp o ra tio n  
by UDP-xylose.
' The la c k  o f s tim u la tio n  o f in c o rp o ra tio n  by UDP-xylose, wide
v a r ia t io n  between r e p l ic a te s  and lack  o f  in c o rp o ra tio n  in  th e  absence
o f u n la b e lle d  UDP-glucose suggests, th a t  much o f th e  in c o rp o ra tio n
may be in to  /3(1-3) g lucan r a th e r  than  xyloglucan. To in v e s t ig a te  t h i s
14f u r th e r ,  a n a ly s is  o f th e  product of in c o rp o ra tio n  from UDP-D-[U C] 
g lu co se  was a ttem p ted .
14T otal a c id  h y d ro ly s is  o f  [ C] g lu c o se -la b e lle d  product
To determ ine w hether e p im e risa tio n  o r any o th e r m o d if ic a tio n  o f
14th e  su b s tra te -w a s  a f f e c t in g  in c u b a tio n s  w ith  UDP-D-[U C ]g lucose, 
com plete ac id  h y d ro ly s is  o f th e  la b e l le d  product was c a r r ie d  o u t.
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Table 1
14In c o rp o ra tio n  of r a d io a c t iv i ty  frcm UDP-D-[U C]glucose by 
p a r t ic u la te  enzyme frcm bean suspension c u ltu re :  in cu b a tio n s
_3
were te rm in a te d  a t  15 min and contained  MnCl^ (10 mmoldm ), 
UDP-D-[U^C]glucose (200.77 mmoldm"’'*.,  925 Bq) and UDP-xylose 
(0-200 ^Limoldm”^ ).
C oncentration  UDP-xylose In co rp o ra tio n  o f r a d io a c t iv i ty
-3(jimoldm ) a t  15 min (Bq)
0 155.9
+ 24.3
2 140.9
+
8 .9
20 108.3 + 57.1
200 101.5 + 35.5
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T his was follow ed by descending paper chromatography to  s e p a ra te , 
and a llo w  id e n t i f i c a t i o n  o f , th e  p roducts o f h y d ro ly s is . F if te e n  
m inute in c u b a tio n s  were c a r r ie d  out, u s in g  th e  s tan d a rd  p re p a ra t io n . 
Follow ing e x tr a c t io n ,  a p e l l e t  which contained  approx. 40 Bq was 
hydro lysed  w ith  TFA a s  d e sc rib ed  (c h .2 p .5 5 ) ,  and then  ro ta ry  
evaporated  t o  d ry n ess . I t  was sp o tted  onto Whatman No J. paper and 
run in  S o lven t D (c h .2 p .6 0 ) fo r  30 min.
The ra d io a c tiv e  peak appeared to  co-chrom atograph w ith  g lu co se .
14There was l i t t l e  evidence o f  ep im erisa tio n  to  [ C ]ga lac tose  (F ig . 1)
14Enzymic h y d ro ly s is  o f [ C ]g lu co se -lab e lled  product u s in g  d r i s e la s e
D ris e la se  i s  an enzyme m ix tu re  which co n ta in s  xy lanase  and 
g lucanase  a c t i v i t y .  I t  w i l l  n o t break th e  g lu co se-x y lo se  bond 
between th e  g lu co se  o f  th e  xyloglucan backbone and th e  x y lo sy l s id e  
ch a in s , so h y d ro ly s is  o f xyloglucan w ith  d r is e la s e  y ie ld s  a d i s t i n c t i v e  
d is a c c h a r id e , iso p rim everose , which can be used to  confirm  th e  p resence  
o f xy loglucan  (as  p rev io u s ly  d e sc rib ed , c h .5 P .139).
14A [ C ]g lu c o se -la b e lle d  p e l le t  co n ta in in g  150 Bq was o b ta in ed
from a 15 m inu tes in c u b a tio n  u s in g  s tan d ard  c o n d itio n s . I t  was
hydrolysed  w ith  d r i s e la s e  fo r  6 h a s  desc rib ed  (Ch. 2 p .5 8 ) and th e
re s u l t in g  h y d ro ly sa te s  were sep a ra ted  on Whatman No..l paper in  s o lv e n t
B. Peaks o f r a d io a c t iv i ty  i n i t i a l l y  occurred a s  sm ears, and i t  was
n ecessa ry  to  e lu te  peaks th re e  tim es to  i s o l a t e  d i -  and m onosaccharides.
3
C ello b io se , g lucose  and [ H ]isoprim everose were used a s  m arkers.
Figure 1
P aper chrom atographic a n a ly s is  o f t o t a l  a c id  h y d ro ly sa te s  of
14 14[ C] g lu e  os e - la  b e lle d  p roduct o f in cu b a tio n  o f UDP-D-[U C]
g lu co se  w ith  p a r t i c u la t e  enzyme p re p a ra tio n  frcm su spension -
c u ltu re d  bean .
F ig u re  2
P aper chrom atographic a n a ly s is  o f d r i s e la s e  h y d ro ly sa te s  of
1A 14[ C] g lu c o se - la b e lle d  p roduct from in cu b a tio n  of UDP-D-[U CO
g lu co se  w ith  p a r t i c u la te  enzyme p re p a ra tio n  frcm suspension -
c u ltu re d  bean .
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One ra d io a c tiv e  peak was observed (F ig . 2) co-chrom atographing 
w ith  iso p rim  eve r o s e  and p o ssib ly  a l s o  g lu co se , sug g estin g  i t  could  be 
mono o r -d is a c c h a r id e , o r a m ix ture  o f bo th . To determ ine which, an 
e x tra  s e p a ra tio n  s te p  was in tro d u ced  befo re  f in a l  id e n t i f i c a t io n  by 
paper-chrom atography.
14A n alysis  o f f C lg lu c o se -la b e lled  p roduct by g e l - f i l t r a t i o n  and 
descending  paper chromatography
14A [ C] g lu c o se - la b e lle d  p e l l e t ,  co n ta in in g  138 Bq, was hydrolysed  
o v ern ig h t w ith  d r i s e la s e  (Ch.2 p . 58), and th e  su p ern a tan t was run in
w ater on a 1 x 15 cm B io-gel P2 g e l - f i l t r a t i o n  column. F ra c tio n s  o f
3'0 . 5  cm  were c o l le c te d ,  and h a l f  o f  each was counted in  xylene 
s c i n t i l l a n t .  The main peak was id e n t i f ie d  between f r a c t io n s  49 and 
5 5  (F ig . 3 ) , and th e  rem aining 0 . 2 5 c m  o f each o f  these  f r a c t io n s  were
pooled. The sam ples were ro ta ry  evaporated to  d ryness, d i lu te d  in
3 _ •
0.25  cm H^) and sp o tte d  on to  Whatman no. 1 paper before  running in
3so lv en t B fo r  30 hou rs . G lucose, c e llo b io se  and [ H ]isoprim everose 
were used a s  m arkers.
14Most [ C ]glucose product co-chrom atographed w ith  g lu co se , and 
a sm all peak ran  w ith  c e llo b io se  (F ig .4 ) . T his suggests  t h a t  th e re  i s  
l i t t l e  o r  no in c o rp o ra tio n  frcm UDP-D-[U^C]glucose in to  xy log lucan .
14A nalysis  o f  [ CT] g lu c o se - la b e lle d  product by d r is e la s e  and la m in a n n a s e
h y d ro ly s is
14To determ ine whether th e  [ c]g lu c o se - la b e lle d  product was l i k e ly
Figure 3
14B io -g e l P2 p r o f i l e  of d r i s e la s e  h y d ro ly sa te  o f [ G ]glucose-
14
la b e l le d  p roduct of in c u b a tio n  of UDP-D-[U C] g lucose  w ith  
p a r t i c u la te  enzyme p re p a ra tio n  frcm su sp e n s io n -c u ltu re d  bean
F igure  4
14P aper-ch rcm atograph ic  a n a ly s is  of [ C ]g lu co se -lab e lled  
h y d ro ly sa te  is o la te d  by g e l - f i l t r a t i o n  on B io -ge l P2 
(See F ig . 3)
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to  be ^3(1-3) o r J3(1-4) lin k e d , a comparison of lam in arin ase  and 
d r i s e la s e  h y d ro ly s is  p roducts was c a r r ie d  o u t. Lam inarinase i s  a 
J3(1-3) g lu canase  and has l i t t l e  e f f e c t  on xyloglucan (See Ch.5 p .149)r 
b u t h y d ro ly ses  p ( 1 - 3 )  g lucans to  g ive a s e r ie s  o f p roducts  in c lu d in g  
la m in a r ib io s e , l a m in a r i t r io s e ,  la m in a r i te tro s e , e tc .
14Two [ C ]g lu c o se -la b e lle d  p e l l e t s  co n ta in in g  55 Bq were ob ta ined  
frcm 15 min. s ta n d a rd  in c u b a tio n s . H ydrolysis w ith  d r i s e la s e  or 
lam in a rin a se  was c a r r ie d  out f o r  6 h (Ch. 2 p. 58 ) and ccm m erical 
la m in a rin  was a ls o  hydrolysed  w ith  d r is e la s e  and lam in a rin a se  to  
provide a  s e r i e s  o f m arkers. The h y d ro ly sa te s  were run in  so lv e n t B 
o v e rn ig h t.
H ydro lysis  w ith  e i th e r  d r is e la s e  or lam in a rin ase  r e s u l te d  in
breakdown o f th e  product (F ig . 5 a & b ), bu t se p a ra tio n  on t h i s  system
did  n o t a llo w  i d e n t i f i c a t i o n . o f the mono-, d i -  or t r i s a c c h a r id e  peaks.
The lam in a rin  was hydrolysed  by d r is e la s e  (F ig . 5b) which i s  e v id e n tly
capab le  o f h y d ro ly s in g  J3(1-3) or ^3(1-4) g lu can s . In  an e a r l i e r
experim ent (Ch.5 p .149) i t  was e s ta b lis h e d  th a t  lam in a rin a se  has very
l im ite d  a c t i v i t y  a g a in s t  xy log lucan , so  from the  r e s u l t s  o f t h i s
14experim ent i t  would appear th a t  a t  l e a s t  one o f th e  [ C ]g lucose- 
la b e l le d  p roducts i s  a  ^3(1-3) g lucan .
The main ra d io a c tiv e  peaks from the  d r is e la s e  and la m in a rin a se  
d ig e s t io n s  were e lu te d  and rerun  on a system which s e p a ra te s  mono- 
and d is a c c h a r id e s  (So lven t D, Ch.2 p .6 0  ) . In  t h i s  case d r i s e la s e
Figure 5
P aper chrom atographic a n a ly s is  o f enzym e-hydrolysed [^ ( 3  g lu co se -
14la b e l le d  p roduct f ra n  15 min s tan d a rd  in c u b a tio n s  of UDP-D-[U C] 
g lucose  w ith  a p a r t i c u la te  enzyme p re p a ra tio n  from susp en sio n - 
c u ltu re d  b e an :-
a )  Follow ing la m in a rin a se  h y d ro ly s is  w ith  la m in a rin a se - 
hydrolysed  lam in a rin  a s  m arker *
b) Follow ing d r i s e la s e  h y d ro ly s is  w ith  d r i s e la s e  h y d ro ly s is  
w ith  d r is e la s e -h y d ro ly s e d  lam in arin  a s  m arker
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Figure 6
P aper chrom atographic a n a ly s is  of e lu te d  mono- and
d isa c c h a r id e  peaks frcm d r i s e la s e  and lam inarinase ' 
14hydro lysed  [ C ]g lu c o se -la b e lle d  product
a) d r is e la s e -h y d ro ly s e d  product
b ) la m in a rin a se -h y d ro ly sed  product
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h y d ro ly s is  r e s u l te d  in  th e  main peak co-chrcm atographing w ith  g lu co se , 
w ith  l i t t l e  ev idence o f isoprim everose  (F ig . 6a ) .  The la m in a rin a se  
h y d ro ly s is  gave two s im ila r ly - s iz e d  peaks, one running  w ith  g lu co se , 
th e  o th e r  probably  be ing  la m in a rib io se  (F ig . 6b ) .
These r e s u l t s  again  suggest th a t  th e  main p roduct of th e
14in c o rp o ra tio n  from UDP-D[U C]glucose i s  p (1 -3 ) g lucan , though i t  i s  
p o s s ib le  th a t  sm a lle r  q u a n t i t ie s  of o th e r p ro ducts  a re  form ed.
D iscussion
I t  would appear th a t  th e  m a jo rity  o f r a d io a c t iv i ty ' frcm UDP-D-
14[U C] g lucose  i s  be ing  in co rp o ra ted  in to  p( 1-3) g lucan r a th e r  than  
^ (1 -4 )  g lu can . ^ (1 -3 )  glucan i s  th e  m ajor co n stituen t*  o f c a l lo s e ,  
which i s  fonned in  response  t o  in ju ry , and g iv e s  r i s e  to  g re a t  
d i f f i c u l t i e s  in  s tu d y in g  glucan sy n th e s is  in  p la n t t i s s u e .  The le v e l  
o f c a l lo s e  s y n th e s is  r i s e s  s te e p ly  so  th a t  i t  o ften  becomes th e  m ajor 
pathway f o r  th e  u t i l i s a t i o n  of UDP-glucose. This i s  presum ably 
o ccu rrin g  when su sp en s io n -cu ltu red  bean t i s s u e  i s  homogenised w ith  a 
m o rta r and p e s t le .
I t  may be p o s s ib le  to  f in d  in cu b atio n  c o n d itio n s  fav o u rin g  
p (  1-4) g lucan  s y n th e s is ,  bu t th i s  was n o t a ttem pted  in  t h i s  s tu d y .
Chapter 8
INVESTIGATION OF f1AC1GALACT0SE INCORPORATION FROM 
U D P - f W l GALACTOSE BY BEAN SUSPENSION CULTURE
G alac to se  occurs  in  a l l  rep o rte d  xyloglucan m olecu les a s  a 
s id e  chain a tta c h e d  o<(1-2) to  th e  xy lose  s id e  ch a in s , y e t  i t s  
in c o rp o ra tio n  in to  xyloglucan  frcm th e  donor su g ar n u c le o tid e  has 
no t been re p o rte d . S tu d ies  o f  in c o rp o ra tio n  a re , a s  w ith  g lu co se , 
l i k e ly  to  be com plicated  by epim erase a c t i v i t y  r e s u l t in g  in  th e  
in te rc o n v e rs io n  o f UDP-glucose and UDP-galactose, and a ls o  by th e  
range o f  g a la c to s e -c o n ta in in g  c e l l  w a ll-p o ly sac c h a r id e s .
In c o rp o ra tio n  o f  g a la c to se  frcm UDP-galactose was in v e s t ig a te d  
u s in g  a p a r t i c u la te  enzyme p re p a ra tio n  from bean su sp e n s io n -c u ltu re s . 
I n i t i a l  experim ents invo lved  vary ing  sugar n u c le o tid e  c o n c e n tra tio n s .
14Time course  o f in c o rp o ra tio n  o f  r a d io a c t iv i ty  from UDP-D-fU C ]g a lac to se
A tim e course o f  g a la c to se  in c o rp o ra tio n  up to  60 min was c a r r ie d
14 -3o u t. In cu b a tio n s  con tained  UDP-D-[U C ]g a lac to se  (21 jimoLdm ,
925 Bq) UDP-glucose (2 mmoLdm” 3), UDP-xylose (20 pmoLdm"3 ) and MnCl,,
(10 mmoLdm"3 ) .
In co rp o ra tio n  in c re a se d  w ith  tim e , and zero  tim e v a lu es  were low . 
O v e ra ll in c o rp o ra tio n  was low (Table 1) su g g estin g  low enzyme a c t i v i t y  
or m issing  elem ents in  th e  in cu b a tio n  m ix tu re .
In  a second experim ent a w ider range o f n u c le o tid e  com binations 
was wsed.
In c o rp o ra tio n  o f  r a d io a c t iv i ty  frcm U D P-D -[U ^C]galactose u s in g  a 
range o f n u c le o tid e  m ix tu res
Incu b a tio n s  were c a r r ie d  out w ith  th re e  sugar n u c le o tid e
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Table 1
14Time course of in c o rp o ra tio n  from UDP-D-[U C ]galac tose  in to  
p o ly sacch arid e  by p a r t i c u la te  enzyme p re p a ra tio n  from
14su sp e n s io n -c u ltu re d  bean, from in c u b a tio n s  c o n ta in in g  UDP-D-[U C]
-3  ■ -3g a la c to se  (21 jimoldm , 925 Bq), UDP-xylose (20 pmoldm ),
-3  -3UDP-glucose (2 mmoldm ) and MnClg (10 mmoLdm )
Time (min) R a d io a c tiv ity  in c o rp o ra te d
(Bq)
0 1.2 + 0.1
15 2.8 + 0 .8
60 3 .6 + 0.1
120 3 .7 + 0 .2
com binations in  an a ttem p t to  improve in c o rp o ra tio n  o f r a d io a c t iv i ty
14 -3In c u b a tio n s  in c lu d ed : 1. UDP-D-[U C ]g a lac to se  (925 Bq, 0 .84  jimoldm )
- 3  - 3  -3UDP-glucose (2mmoldm ), UDP-xylose (2 mmoldm ) and MnCl^ (10 mm,oLdm )
2. UDP-D-*[U^C]galactose (925 Bq, 20.8  jimoldm"^) UDP-glucose (2 mmoldm
UDP-xylose (20 /imoldnf'*) and Mncl2 (10 mmoldm” ^ ) , o r 3. UDP-D- U^C
- 3  - 3g a la c to s e  (925 Bq, 0 .84  jLimoldm ) UDP-glucose (2 mmoldm ) and UDP-
- 3x y lo se  (2 mmoldm ) .  In cu b a tio n s  were te rm in a ted  a t  60 min.
In c o rp o ra tio n  was g r e a te s t  w ith  high UDP-glucose co n ce n tra tio n  
combined w ith  low UDP-galactose and UDP-xylose c o n c e n tra tio n s , and i t  
was lo w est where M nd2 was ab se n t frcm in c u b a tio n s  (T able 2 ) . However, 
i t  was g e n e ra lly  low, and s t i l l  in s u f f i c i e n t  t o  perm it product a n a ly s is .  
As Tris/H C l can be a  r a th e r  ha rsh  b u ffe r , r e s u l t in g  in  reduced enzyme 
a c t i v i t y ,  in c o rp o ra tio n  was examined u s in g  a potassium  phosphate 
b u f fe r  which in c lu d ed  v a rio u s  enzyme p ro te c ta n ts  (See c h .2 p . 51 ) .
14In c o rp o ra tio n  frcm UDP-D-[U C ]galac tose  u s in g  potassium  phosphate a s  
hom ogenisation and resuspension  b u ffe r
A p a r t i c u la te  enzyme p rep a ra tio n  was p repared  u s in g  potassium
phosphate b u f fe r  f o r  hanogen isa tion  and re su sp en sio n  (c h . 2 p .51 ) .
14 -3In cu b a tio n s  comprised UDP-D-[U C ]galac tose  (925 Bq, 20.84 jLtmold m ) ,
-3  -3UDP-glucose (20^imoLdm ) ,  UDP-xylose (20 jjmoldm ) and MnCl2 (10 mmoldm
Zero tim e v a lu es  were low, and in c o rp o ra tio n  was s l i g h t ly  h ig h e r  
than  in  p rev ious experim ents (Table 3 ) . In c o rp o ra tio n  was s t i l l  n o t 
a t  a  s u f f ic ie n t ly  h igh  l e v e l  to  a llow  in v e s t ig a t io n  o f th e  in c u b a tio n  
product however.
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Table 2
1AIn c o rp o ra tio n  frcm UDP-D-CU C] g a la c to se  in to  p o ly sacch arid e  by
p a r t i c u la te  enzyme p re p a ra tio n  fran  su sp e n s io n -c u ltu re d  bean frcm
60 min in c u b a tio n s  c o n ta in in g : -
a) UDP-D-[U^C] g a la c to se  (0 .84 )moldm*’'*, 925 Bq), UDP-glucose
-3  -3  -3(2 mmoldm ), UDP-xylose (2 mmoldm ) and MnCl^ (10 mmoldm )
b) UDP-D-[U^C]galactose (21 jiraoldnT^), 925 Bq), UDP-glucose
-3  -3  -3(2 mmoLdm ), UDP-xylose (20 j m oLdm ) and MnCl^ (10 mmoldm )
c) UDP-D-[U^C]galactose (0 .8 4 /umoldm"’'* , 925 Bq), UDP-glucose
-3  -3(2 mmoldm ) and UDP-xylose (20/imoldm )
In cu b a tio n  m ix tu re  In c o rp o ra tio n  a t  60 min
(Bq)
a
b
c
4 .8  -  0.1
6.2 i  0 .9
3 .5  -  0 .5
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Table 3
14In c o rp o ra tio n  frcm UDP-D-[U C] g a la c to se  in to  p o ly sacch arid e  by 
p a r t i c u la te  enzyme p re p a ra tio n  from su sp e n s io n -c u ltu re d  bean
fo llp w in g  hom ogenisation and resuspension  in  potassium  phosphate
14 -3b u f f e r :  in c u b a tio n s  con tained  UDP-D-[U C ]g a lac to se  (21 ;jmoljdm ,
- 3  -3925 Bq), UDP-glucose (2 mmoLdm ) , UDP-xylose (20 jjmo3jdm ) and
MnClg (10 mmoldm”^)
Incu b a tio n  tim e (min) R a d io a c tiv ity  in c o rp o ra te d
(Bq)
0
60
.1.3 -  0.1 
8 .4  -  2 .5
No f u r th e r  a tte m p ts  a t  im proving in c o rp o ra tio n  frcm UDP-D'
14[U C ]g a lac to se  were made due to  th e  low r a te s  o f  in c o rp o ra tio n  
p o te n t ia l  problems in  id e n t i f i c a t io n  o f th e  p roduct, even i f  
reaso n ab le  r a te s  o f in c o rp o ra tio n  could e v e n tu a lly  be ach ieved .
and
Chapter 9
INVESTIGATION OF [ 1^C] FUOOSE INCORPORATION FROM 
GDP-D-[U14C]FUCQSE BY BEAN SUSPENSION CULTURE
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Fucose occurs a s  a te rm in a l s id e  chain in  many xyloglucans 
(A sp in a ll e t  a l ,  1977; Bauer e t  a l ,  1973; Hayashi et^ a l ,  1980;
Kato & M atsuda, 1980), and i t s  t r a n s f e r  to  th e  xyloglucan m olecule 
has been in v e s t ig a te d  re c e n tly  by Camirand and M aclachlan (1986).
Using a p re p a ra tio n  of pea m icroscm al membranes, they  s tu d ied  th e
14 1 4
t r a n s f e r  o f [ C]fucose from GDP-D-[U C]fucose to  an in so lu b le
product w ith  p ro p e r t ie s  c h a r a c te r i s t i c  o f xy log lucan . T ran sfe r 
14
of [ C ]fucose was c a ta ly sed  in  th e  presence or absence of UDP-xylose 
or UDP-glucose.
The t r a n s f e r  of fucose from GDP-fucose was in v e s t ig a te d  f o r  th e  
bean p a r t i c u la te  enzyme p re p a ra tio n .
14
In c o rp o ra tio n  of r a d io a c t iv i ty  from GDP-D-[U CQ fucose in  th re e  
in cu b atio n  m ix tu res
14
In c o rp o ra tio n  of [ C] fucose was measured from th re e  in cu b a tio n
14 14m ix tu res  which con tained  e i th e r  GDP-D-[U C] fucose cnly , GDP-D- [U Q
14fucose w ith  UDP-glucose, UDP-galactose and UDP-xylose, or GDP-D-[U C] 
fucose w ith  UDP-glucose and UD P-galactose. A ll n o n -rad io a c tiv e  su g ar
-3
n u c le o tid e s  were p re se n t a t  a  co n cen tra tio n  o f 20 ^pmoldm and 
in c u b a tio n s  a ls o  con tained  10 mmoldm"’^  MnCl^ GDP-D-[U^C]fucose (925 Bq)
_3
was p re sen t a t  a c o n ce n tra tio n  of 1.25^imoldm . In cu b a tio n s  were 
te rm ina ted  a t  0 and 15 min.
In c o rp o ra tio n  was g re a te r  where sugar n u c le o tid e s  o th e r than  
GDP-fucose were p re sen t in  in cu b a tio n s  (Table 1), but a lthough  t h e i r
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Table 1
1AR a d io a c tiv ity  in c o rp o ra te d  from GDP-D-[U (3 fucose in to  p o ly sacch arid e  
by p a r t i c u la te  enzyme p re p a ra tio n  frcm bean suspension c u l tu re .  
Incu b a tio n  m ix tu res  were te rm in a ted  a f t e r  15 min and com prised:
a) GDP-D-[U1AC ]fucose ( 1.25 jimolUlm"3 , 925 Bq) and MnCl2 (10 mmoldm- 3 )
b) GDP-D-[U1 V |f \ i c o s e  (1 .25/Jmoldm‘ 3 , 925 Bq), MnCl2 (10 mmoLdm"3 ),
-3  -3UDP-glucose (20 jamoiUlm ) and UDP-galactose (20 jumoldm )
c) GDP-D-[U1AC] fucose ( 1.25 /imoldra"3 , 925 Bq), MnCl2 (10 mmoldm"3 ),
- 3  -3UDP-glucose (20 jjmoldm ), UDP-galactose (20 jimoldm ) and
_3
UDP-xylose (2 0 ^moldm ) .
Incu b a tio n  m ix tu re  In co rp o ra tio n  a t  15 min
(Bq)
a
b
c
19.1  -  0 . 2 2  
27.2 i  0 .7  
27.5 -  3 .3
presence  in  in c u b a tio n s  s tim u la te d  in c o rp o ra tio n  by up to  44$, i t  was 
not e s s e n t ia l  f o r  in c o rp o ra tio n .
14Extended time course  o f in c o rp o ra tio n  frcm GDP-D-[U C]fucose
A tim e course of in c o rp o ra tio n  up to  120 min was perform ed w ith
14in c reased  UDP-glucose in  in c u b a tio n s , which now contained  GDP-D-[U C]
-3  -3fucose (925 Bq, 1.25 jamoldm ) ,  UDP-xylose (20 ;amolfim ), UDP-glucose
-3  -3  -3(2 mmoldm ) , UDP-galactose (20 ^pmoldm > and MnCl^ (10 mmoldm ) .
In cu b a tio n s  were te rm in a ted  a t  0, 15, 60 and 120 m in.
In c o rp o ra tio n  was maximal a t  15 min. and then  decreased  g ra d u a lly  
(F ig . 1). To determine w hether th e  co n cen tra tio n  of any s p e c i f ic  
sugar n u c le o tid e  was l im i t in g ,  in cu b a tio n s  were c a r r ie d  out w ith  th e  
co n cen tra tio n  o f one or two n u c le o tid e s  a t  a tim e v a rie d .
E ffe c t of vary ing  su g ar n u c le o tid e  co n cen tra tio n s  cn in c o rp o ra tio n  
14frcm GDP-D-[U C]fucose -  1.
In c u b a tio n s  were c a r r ie d  out w ith  high co n cen tra tio n s  of a l l  
n o n -ra d io a c tiv e  sugar n u c le o tid e s , or w ith  high UDP-giucose combined 
w ith  low UDP-xylose and low U D P-galactose. The e f f e c t  of absence o f 
MnCl^ from in c u b a tio n s  was a l s o  a s se s se d . In cu b a tio n s  comprised
GDP-D-[U^Cjfucose (925 Bq, 1.25 ^imoldm’"^) w ith e i th e r  1. UDP-glucose
-3  -3  —3(2 mmoldm UDP-galactose (2 mmoldm }, UDP-xylose (2mmoJdm ) and
-3  -3MnCl2 (10 mmoldm ) ;  2. UDP-glucose (2 mmoldm ) ,  UDP-galactose
-3  -3  —3(20 paoldm ), UDP-xylose (20 jimoiUIm ) and MnCl^ (10 mmoldm ) ;  or
Figure 1
Extended tim e course  of in c o rp o ra tio n  of r a d io a c t iv i ty  frcm 
14GDP-D-[U C]fucose i n t o  p o ly sacch arid e  by p a r t ic u la te  enzyme 
p rep a ra tio n  frcm bean, frcm an in cu b a tio n  m ix ture  co n ta in in g
GDP-D-[U^C] fucose  (1 .2  ^imoldm” 3 , 925 Bq), UDP-xylose
-3  -3(20 jumoLdm ) , UDP-glucose (2 mmoldm ) , UDP-galactose
-3  -3(20 ^imoldm ) and MnCl2 (10 mmoldm ).
F igure  2
14Time course o f in c o rp o ra tio n  of ra d io a c tiv i ty -  from GDP-D-[U C]
fucose i n to  p o ly sacch arid e  by p a r t i c u la te  enzyme p rep a ra tio n
r 14 nfrcm bean, from th re e  in c u b a tio n  m ix tu res  co n ta in in g  GDP-D-LU CJ
fucose (1 .25  /imoldm” 3 925 Bq), ( 0 —- —£  ) UDP-glucose
-3  -3  -3(2 mmoldm ) ,  U D P-galactose (2 mmoldm ) , UDP-xylose (2 mmoldm )
and MnCl2 (10 mmoldm’ 3) ; ( | ------- 1  ) UDP-glucose (2 mmoldm"^),
-3  -3U DP-galactose (20 /amoldm ) ,  UDP-xylose (20 mmoljim ) , and MnCl2
(10 mmoldm’ 3 ); ( A  A  ) UDP-glucose (2 mmoldm’ 3),
-3  -3UDP-galactose (20 jamoldm ) and UDP-xylose (20 /imoldm ).
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-3  -33. UDP-glucose (2 mmoldm ), UDP-galactose (20 jimoldm ) and UDP-
_3
xylose (20 jnmoldm ) .  In cu b a tio n s  were term ina ted  a t  0, 15 and 60 min
In c o rp o ra tio n  le v e ls  were h ig h e s t where n o n -ra d io a c tiv e  sugar
-3n u c le o tid e s  were a l l  p re sen t a t  2 mmoldm (F ig .2 ) . Absence o f MnCl^ 
from in c u b a tio n s  r e s u l te d  in  s l ig h t ly  lower in c o rp o ra tio n , bu t d id  n o t 
make an a p p re c ia b le  d if f e r e n c e . I t  would appear th a t  a low co n cen tra ­
t io n  of e i th e r  UDP-xylose, U D P-galactose or both  l im its  in c o rp o ra tio n . 
To determ ine w hether t h i s  was indeed the  case , in cu b a tio n s  were 
performed w ith  low co n ce n tra tio n s  o f one or o th e r of th ese  sugar 
n u c le o tid e s .
E ffe c t of vary ing  n u c le o tid e  co n cen tra tio n s  cn in c o rp o ra tio n  frcm 
GDP-P-fU1AC1 fucose -  2 .
In c o rp o ra tio n  frcm f iv e  in cu b atio n  m ix tu res was measured to
study th e  e f f e c t  o f  s p e c i f ic  sugar n u c le o tid e s  and absence of MnCl^
14from in c u b a tio n s . A ll in cu b a tio n s  con tained  GDP-D-[U C]fucose
-3  -3(950 Bq, 1.25 /imo^Uim ) and UDP-glucose (2 mmoldm ), w ith v a ry ing
_3
com binations o f UDP-xylose and UDP-galactose a t  2 mmoldm or
_3
20yumoldm to  g iv e  in cu b a tio n s  w ith  e i th e r  low UDP-xylose, low
UDP-galactose o r low co n cen tra tio n  o f  both  UDP-xylose and U D P-galactose
MnCl was a ls o  em itted  frcm seme in cu b a tio n  m ix tu res , d e t a i l s  of which 
2
a re  given in  f ig u re  legends (Table 2 ) . In cu b a tio n s  were te rm in a ted  
a t  0 and 60 min.
In co rp o ra tio n  was reduced in  in cu b a tio n s  where MnCl^ was a b se n t,
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Table 2
14R a d io a c tiv ity  in c o rp o ra te d  frcm GDP-D-CU C]fucose in to  p o ly sacch arid e  
by p a r t i c u la te  enzyme p re p a ra tio n  from bean suspension c u l tu re .  
In cu b a tio n s  were te rm in a ted  a f t e r  60 min and com prised:-
a) GDP-D-[U1AC]fucose (1 .25  Jimoldnf3 ) , 925 Bq), UDP-xylose (2 mmoLdm- 3 ) , 
UDP-glucose (2 mmoLdm 3 ) , UDP-galactose (2 mmoldm 3) and MnCl^
(10 mmoldm- 3 )
b) GDP-D-[U^C]fucose .(1.25 ymoldm 3 ), UDP-xylose (2 mmoldm- 3 ),
—3 -3-UDP-glucose (2 mmoldm ) and UDP-galactose (2 mmoldm )
c) GDP-D-[U^C]fucose (1.25^mo3jdm 3 , 925 Bq), UDP-xylose (2 mmoldm- 3 ) ,
—3 —3UDP-glucose (2 mmoldm ) , UDP-galactose (20 jmnoldm ) and MnCl,,
(10 mmoLdm- 3 )
d) GDP-D-[U1V ]fu c o se  (1 .25  /imoldm- 3 , 925 Bq), UDP-xylose (20 ;umoldm- 3 ) ,
—3 —3UDP-glucose (2 mmoldm ) , UDP-galactose (2 mmoldm ) and MnCl2
_3
(10 mmoLdm )
e) GDP-D-[U^C]fucose (1 .2 5 /arnoldm- 3 , 925 Bq), UDP-xylose (2 0 ^moldin'”3 ) ,
UDP-glucose (2 mmoldm- 3 ) , UDP-galactose (20 i^mol^dra’-3) and MnCl^
-3(10 mmoLdm )
In cubation  m ix ture In co rp o ra tio n  a t 60 min (Bq)
a 64.3 + 0 .5
b
(minus MnC^)
42.3 + 3 .2
c
(low UDP-galactose)
31.7 + 1.5
d
(low UDP-xylose)
53.0 + 0 .4
e
(low UDP-xylose 
and low UDP-galactose)
33.0 + 0 .5
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where U D P-galactose was a t  low c o n cen tra tio n , or where both UDP- 
g a la c to se  and UDP-xylose were a t  low con cent r a t i  on, but i t  was 
reduced f a r  le s s  by low co n ce n tra tio n  of UDP-xylose (Table 2 ) . 
In c o rp o ra tio n  was reduced to  a g r e a te r  e x te n t by low U D P-galactose 
co n ce n tra tio n  than  by absence of MiCl^ frcm in c u b a tio n s .
This experim ent was rep eated  w ith  the n o n -rad io a c tiv e  su g a r- 
n u c le o tid e s  ab sen t from in c u b a tio n s , r a th e r  than a t  low c o n ce n tra tio n  
in  in c u b a tio n s . Absence o f n o n -rad io a c tiv e  sugar n u c le o tid e s  had no 
g re a te r  e f f e c t  cn in c o rp o ra tio n  than  t h e i r  presence a t  low c o n c e n tra tio n .
14I f  th e  fucose frcm GDP-D-[U C]fucose i s  being in co rp o ra ted  in to  
xy lcg lucan , th i s  r e s u l t  may have im p lic a tio n s  fo r  the mechanism of 
sy n th e s is  fo r  th e  xyloglucan  m olecule. Attempts were th e re fo re  made 
to  c h a ra c te r is e  th e  p roduct o f th e  in cu b atio n  w ith  GDP-D-[U C ]fucose.
Camirand and M aclachlan (1986), who in v e s tig a te d  b io sy n th e s is  of
fu c o se -c o n ta in in g  xyloglucan  by pea microscm al membranes, id e n t i f i e d
a s p e c if ic  n o n asaccharide  fragment fo llow ing  c e l lu la s e  d ig e s t io n  of
th e  p ro d u c t. This nonasaccharide fragm ent, which Camirand and
14M aclachlan claim  i s  c h a r a c te r i s t i c  o f th e  [ C] fu c o se - la b e lle d  p roduct, 
i s  formed w ith  r e g u la r i ty  in  th e  xyloglucan s t r u c tu r e ,  but o i ly  in  
th e  p resence of GDP-fucose.
I d e n t i f i c a t io n  of t h i s  nonasaccharide was a ttem pted  fo r  th e  bean 
su sp e n s io n -c u ltu re  p a r t ic u la te  enzyme p ro d u c t. F i r s t  however, i t
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14was n ecessa ry  to  confirm  th a t  th e  GDP-D-[U C] fucose d id  no t undergo 
ep im e risa tio n  or o th e r  m o d ifica tio n  p r io r  to  in co rp o ra tio n  in to  poly­
sac c h a rid e .
14A nalysis  of p roduct o f in cu b atio n  w ith  GDP-fU C] fucose by t o t a l  a c id  
h y d ro ly s is  and descending  paper chrcmatography
A 60 m inute GDP-fucose in cu b a tio n  sample frcm a standard  in c u b a tio n , 
co n ta in in g  approx. 15 Bq, was su b jec ted  to  complete ac id  h y d ro ly s is  a s  
d escribed  (Ch.2 p. 55), ro ta ry  evaporated  to  d ryness, then run fo r  
16 h in  so lv en t D w ith  mannose and fucose a s  m arkers. The sugar 
m arkers were d e te c te d  usin g  s i lv e r  n i t r a t e ,  and ra d io a c tiv e  s t r i p s  
’ counted in  to lu en e  s c i n t i l l a n t .
The r a d io a c t iv e ly - la b e l le d  sample c le a r ly  co-chromatographed 
w ith  fucose w ith  no o th e r peaks o f r a d io a c t iv i ty  (F ig .3 ) . This 
in d ic a te s  th a t  th e re  i s  no e p im e risa tio n  or o th e r m o d ifica tio n  ta k in g  
p lace  during  in c u b a tio n . _. ■ '
Comparison of Trichoderma v i r id e  and d r is e la s e  h y d ro ly sa tes  of 
Tamarind xyloglucan
To determ ine which o f  two a v a i la b le  enzyme systems would be most 
s u i ta b le  fo r  p roduction  of la rg e r  s iz e d  p o ly saccharide  h y d ro ly sa te s  
fo r  use  in  th e  is o la t io n  of th e  fu co se-co n ta in g  nonasaccharide 
fragm ent, two (0 .5  mg) samples of p u r i f ie d  tam arind were hydro lysed . 
H ydrolysis w ith  Trichoderma v i r id e  and d r is e la s e  was c a r r ie d  out (Ch.2 p .58),
Figure 3
Paper chrom atographic a n a ly s is  of com plete a c id  h y d ro ly sa te s  of 
p o ly sacch arid e  la b e l le d  w ith  r a d io a c t iv i ty  in co rp o ra ted  frcm 
GDP-D- [U^C] fucose d u ring  60 min in cu b a tio n  from stan d ard  
in cu b a tio n  m ix tu re .
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and then  th e  su p e rn a ta n ts  were sep a ra ted  on a 150 x 0 .5  cm B io -g e l
3P2 g e l - f i I t r a t i o n  column. F ra c tio n s  of 0 .5  cm were c o lle c te d  
and peaks d e te c te d  u sin g  p h e n o l/su lp h u ric  ac id  (Ch.2 p. 6 4 ).
Peaks were measured u s in g  a spectrophotom eter m easuring a t  480 nm.
The two samples gave a s im ila r  range of h y d ro ly sa te s  (F ig . 4a & b)
w ith  two main peaks, one corresponding  to  d i -  or m onosaccharides.
The h y d ro ly s is  w ith  Trichoderma v ir id e  (F ig . 4b) gave a h ig h er
percen tage  of la rg e r - s iz e d  h y d ro ly s is  p roducts , so t h i s  enzyme was
14used fo r  a n a ly s is  o f th e  [ C ]fu c o se -lab e lle d  p roduct.
14H ydrolysis of [ C ]fu c o se -lab e lle d  product w ith  Trichoderma v i r id e  
14Three [ C ]fu c o se -lab e lle d  p e l l e t s  from 60 m inute in cu b a tio n s
using  s tan d ard  assay  co n d itio n s  (Ch.2 p .53 ) and co n ta in in g  approx.
100 Bq were incubated  w ith  Trichoderma v ir id e  fo r  e i th e r  90 min, 6 h
or 24 h. S u p ern a tan ts  were ap p lied  t o  a 150 x 0 .5  cm B io -g e l P2 
3column, and 0 .5  cm f r a c t io n s  counted in  xylene s c i n t i l l a n t .  A 
14sample of [ C] g lucose  was run along w ith  th e  6 h h y d ro ly sa te  a s  a 
m arker.
The th re e  sam ples gave s im ila r  ra d io a c tiv e  t r a c e s  (F ig . 5a-c) 
i . e .  th re e  main peaks, th e  m iddle cne p o ss ib ly  re p re se n tin g  a 
com bination o f  two p ro d u c ts . With in c re a s in g  h y d ro ly s is  tim e up to  
24 h, th e  p ro p o rtio n  o f th e  sm a lle s t peak r e l a t iv e  to  th e  two la rg e r  
peaks in c reased , su g g es tin g  more complete h y d ro ly s is  w ith  in c re a s in g  
tim e. The [^C ]g lucose  marker e lu te d  from th e  column more slow ly
F igure 4
B io -g e l P2 p r o f i l e  of enzyme hydrolysed  tam arind xy log lucan :
a) Follow ing d r i s e la s e  h y d ro ly s is
b) Follow ing T .v i r id e  h y d ro ly s is
t
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than  a l l  o th e r peaks, su g g es tin g  th e  sm a lle s t peak must be a t  l e a s t  
a d is a c c h a r id e  (F ig . 5a & b ) .
14F u rth e r c h a r a c te r is a t io n  of GDP-D-[U C]fucose in cu b a tio n  product 
by Trichoderma v i r id e  h y d ro ly s is  and g e l - f i l t r a t i o n
14A [ C] fu c o s e - la b e lle d  sample frcm a 60 m in. in cu b a tio n  u sin g  
th e  s tan d a rd  assay  was hydrolysed  ov ern ig h t w ith  Trichoderma v i r i d e . 
The sample con tained  approx. 100 Bq, and a f t e r  h y d ro ly s is , i t  was 
a p p lie d  to  a B io -g e l P2 column (150 x 0 .5  cm) a s  in  th e  p rev ious
experim ent. A com bination of ra f f in o s e  (1 mg in  0.5cm ^H 20) and
14 3[ C jglucose (7 .4  kBq) was a l s o  run down th e  column and 0 .5  cm
samples were c o l le c te d .  The samples were halved : ra d io a c tiv e
14p ro d u c ts  and [ C ]glucose were d e tec te d  by s c i n t i l l a t i o n  co un ting , 
w hile r a f f in o s e  was d e tec te d  w ith  phenol and su lp h u ric  a c id  (C h.2 p .64
Four r a d io a c t iv e ly - la b e l le d  peaks were d e te c te d , th e  s m a lle s t  
e lu t in g  w ith  th e  r a f f in o s e  m arker, su g g estin g  i t  may be a t r i ­
sacch arid e  (F ig . 6 ). I d e n t i f i c a t io n  o f th e  o th e r peaks was n o t 
p o s s ib le  a s  s u i ta b le  m arkers were n o t a v a i la b le .
D iscussion
14In co rp o ra tio n  frcm GDP-D-[U C] fUcose in to  p o ly sacch arid e  was
s tim u la te d  by, but no t dependent upon, th e  presence in  in c u b a tio n s
14of UDP-glucose, UDP-galactose and UDP-xylose. The [ Q fu c o se -
Figure 5
B io -ge l P2 p r o f i l e  of T. v i r i d e - hydrolysed po lysaccharide
14( la b e lle d  w ith  r a d io a c t iv i ty  frcm GDP-D-[U C]fucose during  
60 min in c u b a tio n s  w i th ' s tan d a rd  in c u b a tio n s) hydrolysed  f o r :
a) 90 min
b) 6 h
c) 24 h
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B io-gel P2 p r o f i l e  o f T .v i r id e  hydrolysed  po ly sacch arid e
14(la b e lle d  w ith  r a d io a c t iv i ty  from GDP-D-[U C]fucose during  
60 min s tan d a rd  in c u b a tio n ) hydro lysed  fo r  60 min.
raff. Fcjgic
- r - — * 3 -  
10 20 30 UO 
fraction no.
50 60
205
la b e l le d  p o ly sacch arid e  was hydrolysed by Trichoderma v i r id e  c e l lu la s e
t o  g ive  th re e  o r fo u r  c h a r a c te r i s t i c  peaks, th e  p ro p o rtio n s  o f which
vary w ith  h y d ro ly s is  tim e. F ig . 6 shows four ra d io a c t iv e ly - la b e l le d
peaks, th e  sm a lle s t o f which (F ra c tio n s  39—A1) may occur as  a sh o u ld er
in  90 min and 6 h h y d ro ly sa te s  in  F ig . 5a & b (around f r a c t io n s  4 -4 5 ).
14R affinose and [ C ]glucose m arkers in d ic a te d  th a t  th e  peak o f s m a lle s t
m olecu lar w eight h y d ro ly sa te  may be a d i -  o r t r i - s a c c h a r id e .
U nfo rtunate ly  l a r g e r  m o lecu lar w eight m arkers were no t a v a ila b le  to
perm it c le a r  i d e n t i f i c a t io n  o f peaks, so i t  was n o t p o ss ib le  to  say
14whether any of th e  peaks corresponded to  th e  c h a r a c te r i s t ic  [ C jfU cose- 
la b e lle d  non asacch arid e  peak d esc rib ed  by Camirand and M aclachlan (1986).
14I f  r a d io a c t iv i ty  from GDP-D-[U C] fucose i s  being in c o rp o ra te d
in to  xy log lucan , which seems q u ite  l ik e ly ,  th e  r e s u l t s  o f experim ents
performed w ith  v a ry in g  n u c leo tid e  com binations may have im p lic a tio n s
14f o r  th e  mode o f  in c o rp o ra tio n  from GDP-D-[U C] fhcose. A low
co n cen tra tio n  o f UDP-galactose in  in cu b a tio n  m ix tu res reduced
in c o rp o ra tio n  f a r  more than a low co n cen tra tio n  of UDP-xylose, su g g es tin g
th a t  th e  presence  o f UDP-galactose i s  much more im portan t fo r
14in c o rp o ra tio n  frcm GDP-D-[U C] fu co se . I t  i s  l ik e ly  th e re fo re  t h a t  
14much of th e  [ C] fucose  in co rp o ra ted  i s  added onto a preformed g lucan  
backbone w ith  xy lose  s id e  chain s r a th e r  than to t a l  sy n th e s is  o f th e  
polymer o c c u rr in g . This was a ls o  th e  conclusion  o f Camirand and
14Maclachlan (1986) who found th a t  pea microscmes supp lied  w ith  GDP-D-[U C] 
fucose, UDP-xylose and UDP-glucose produced an a lk a l i - s o lu b le  p roduct 
which showed no d e te c ta b le  s iz e  in c re a se  w ith  tim e, sug g estin g  th ey  a r e
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n o t i n i t i a t e d  de novo bu t re p re se n t endogenous "prim ers" which a re  
a cc e p to rs  fo r  tra n s g ly c o s y la t io n  re a c t io n s . Double la b e l l in g  
experim ents w ith  [^ C lfu c o s e  and [^H lxylose led  Camirand and M aclachlan 
to  th e  conclusion  th a t  approxim ately  15-30 tim es a s  much fucose  was 
in c o rp o ra te d  in to  p re -e x is t in g  xy loglucan„as in to  newly e longated  re g io n s .
Chapter 10
EFFECT OF CELL DIFFERENTIATION ON POLYSACCHARIDE 
BIOSYNTHESIS BY PARTICULATE ENZYME PREPARATION
FROM SUSPENSION-CULTURED BEAN
P re lim in a ry  Experim ents
The d i f f e r e n t i a t io n  o f xylem v e sse ls  from n o n -d if fe re n t ia te d  
t i s s u e  has been dem onstrated  in  se v e ra l p la n t t i s s u e  c u ltu re  system s 
(T orrey , 1975), Kohlenbach & Schmidt (1975), Dudley & N orthcote (1978), 
Fukuda & Kcmamine (1980) and i t  provides a u s e fu l system where 
changes in  enzyme a c t i v i t i e s  a re  accompanied by v is ib le  changes in  
c e l l  form.
Dudley and N orthcote (1978) have e s ta b lis h e d  a system fo r  
in d uc ing  d i f f e r e n t i a t io n  o f xylem and phloem c e l l s  in  su sp en sio n - 
c u ltu re d  bean c e l l s .  D if f e re n t ia t io n  occurred on t r a n s f e r  of c e l l s  
from a 'm aintenance* medium which favoured c e l l  d iv is io n , to  an 
'in d u c t io n ' medium in  which d i f f e r e n t ia t io n ,  but l i t t l e  c e l l  d iv is io n  
took p la ce . Phaseo lus v u lg a r is  hypocoty ls were grown on s o l id  a g a r  
c o n ta in in g  s a l t s  and v itam ins (Gamborg e t  a l ,  1968) supplem ented w ith
_3
2% su c ro se , 20$ coconut m ilk , 2 mgdm 2, 4-D and 1$ a g a r . C allu s 
t i s s u e  was excised  and su b -cu ltu red  th re e  tim es on th e  same medium 
b e fo re  being  t r a n s fe r r e d  t o  a l iq u id  mediun, id e n t ic a l  t o  th e  o r ig in a l  
m aintenance medium b u t w ithou t a g a r . A fte r no more than  fo u r sub­
c u l tu re s ,  c e l l s  were tr a n s fe r re d  to  an in d u c tio n  medium, s im ila r  to
_3
th e  m aintenance medium but co n ta in in g  3$ sucro se , 0 .2  mgdm k in e t in
_3
p lu s  1 mgdm NAA, in s te a d  o f coconut m ilk and 2, 4-D. This t r a n s f e r  
re s u l te d  in  c e l l  d i f f e r e n t ia t io n ,  which could be d e tec te d  by 
h i s to lo g ic a l  and enzyme tech n iq u es .
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The tech n iq u e  f o r  ach iev in g  c e l l  d i f f e r e n t ia t io n  in  su sp en sio n - 
c u l tu re s  a s  o u tlin e d  above has one m ajor drawback, which i s  t h a t  sub­
c u l tu re  cn to  in d u c tio n  medium r e s u l t s  in  much slow er c e l l  grow th, 
p ro v id in g  f a r  l e s s  t i s s u e  fo r  use in  enzyme p re p a ra t io n s . To 
overcome t h i s  problem and a llow  t h i s  system to  be used fo r  in v e s t ig a ­
t io n  o f th e  e f f e c t  o f d i f f e r e n t ia t io n  on th e  g ly c o s y l tra n s fe ra s e s  
invo lved  in  xyloglucan b io sy n th e s is , a m o d ifica tio n  o f  th e  s tan d a rd  
p a r t i c u la te  enzyme p re p a ra tio n  was made. T his involved em ission o f 
th e  c e n tr ifu g a tio n  s te p  which re q u ire s  a minimum o f 30 g t i s s u e ,  and
in s te a d  t i s s u e  was ground in  an equal weight o f b u ffe r , f i l t e r e d
3
th rough  m uslin , and then 0 .5  cm o f th e  hcmogenate was added to  
in c u b a tio n s  w ithou t any c e n tr i fu g a t io n . As th i s  r e s u lte d  in  a 
p re p a ra t io n  w ith  about \Q% o f th e  t o t a l  t i s s u e  weight p e r  in c u b a ticn  
and d i lu t io n  of sugar n u c le o tid e s  to  about c n e - f i f th  o f t h e i r  
c o n ce n tra tio n  in  th e  s tan d ard  p re p a ra tio n , th e  f e a s i b i l i t y  o f u s in g  
th e  m odified  p re p a ra tio n  was assessed  by comparing in c o rp o ra tio n  
r a te s  f o r  th e  two p re p a ra tio n s . Enzyme p re p a ra tio n s  were compared f o r  
x y la n -x y lo s y ltra n s fe ra s e , p  1-3 g lu c a n -g lu c o s y ltra n s fe ra se , x y lo g lu can - 
x y lo s y ltra n s fe ra s e  and x y lo g lu c a n -fu c o sy ltra n s fe ra se  systems., and a t  
th e  same tim e in d u ca tio n  o f d i f f e r e n t ia t io n  o f suspen s i  o n -c u ltu re d  
bean c e l l s  was a ttem pted  t o  determ ine optimum c o n d itio n s .
Comparison o f in c o rp o ra tio n  o f  r a d io a c t iv i ty  by fo u r sy n th e ta se  system s 
u s in g  a p a r t i c u la t e  and a crude enzyme p rep a ra tio n  from su sp en sio n - 
c u ltu re  t i s s u e
Enzyme p re p a ra tio n s  were made by th e  s tandard  method i . e .  
hom ogenisation follow ed by u l t r a c e n t r i f u g a t io n ,  or by
hom ogenising only ("hcmogenate p re p a ra tio n " )  (Ch.2 p .51 ) .
3 3Hcmogenate (0 .5  cm ) or resuspended p e l l e t  (50 mm ) was added to
in c u b a tio n s , which were of 0, 15 or 60 min d u ra tio n , and e x tra c tio n s
were c a r r ie d  out a s  p re v io u s ly . Incubation  co n ten ts  a re  d e ta i le d  in
C hapter 2 ( p . 51).
For th e  xylan sy n th e ta se  th e re  was l i t t l e  d if fe re n c e  in  amounts 
o f  r a d io a c t iv i ty  in co rp o ra ted  by th e  two p re p a ra tio n s , d e s p ite  th e  
reduced t i s s u e  con ten t and d i lu t io n  o f  sugar n u c le o tid e s  (F ig . 1).
The fu c o s y ltra n s fe ra s e  (F ig .2) and g lu c o sy I tra n s fe ra se  (F ig . 3) system s 
showed only s l ig h t  red u c tio n  in  a c t i v i t y  in  th e  hcmogenate p re p a ra t io n s , 
and only th e  x y lo g lu c a n -x y lo sy ltra n s fe ra se  a c t i v i t y  was s u b s ta n t ia l ly  
reduced in  th e  hcmogenate p re p a ra tio n  (F ig . 4 ) . Taking sugar 
n u c le o t id e  and t i s s u e  co n cen tra tio n  in to  accoun t, enzyme a c t i v i t y  i s  
g r e a te r  in  th e  crude hcmogenate p re p a ra tio n , perhaps r e f l e c t in g  damage 
to  enzyme complexes brought about by th e  p rocesses of c e n tr ifu g a tio n  
and re su sp en sio n .
In d u c tio n  o f d i f f e r e n t ia t io n  in  bean suspension  c u ltu re s
A ttem pts were made to  induce bean su sp e n s io n -c u ltu re s  t o  
d i f f e r e n t i a t e ,  fo llow ing  th e  methods o f Dudley and N orthcote (1978). 
I n i t i a l l y  more than ten  d i f f e r e n t  c a l lu s  l in e s  were used to  s e t  up 
su sp e n s io n -c u ltu re s  on m aintenance medium. These were t r a n s fe r r e d  
onto in d u c tio n  media w ith  vary ing  hormone and sucrose  c o n c e n tra tio n s .
The le n g th  of time between su b -c u ltu r in g  and th e  amount o f t i s s u e  
t r a n s fe r r e d  were a ls o  v a r ie d . C e lls  were examined by l i g h t  m icroscopy
Figure 1
14Comparison o f in c o rp o ra tio n  o f r a d io a c t iv i ty  frcm UDP-D-[U C] 
xy lose  in to  xylan by two enzyme p re p a ra tio n s  frcm susp en sio n - 
c u ltu re d  bean, u s in g  a ssay s  a s  d e sc rib ed  in  c h ap te r 2 : -  
( D - O  ) = s tan d a rd  p re p a ra t io n ; ( Q — ^  ) =
homogenate p re p a ra tio n .
F igure  2
14Comparison of in c o rp o ra tio n  o f  r a d io a c t iv i ty  frcm GDP-D-[U C] 
fucose  in to  xyloglucan  by two enzyme p re p a ra tio n s  from suspension  
c u ltu re d  bean, u s in g  a ssay s  a s  desc rib ed  in  c h ap te r 2 : -  
) = s tan d a rd  p re p a ra tio n ; ( | 1  ) =
hcmogenate p re p a ra tio n .
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F igure 3
1AComparison o f in c o rp o ra tio n  o f r a d io a c t iv i ty  frcm UDP-D-[U C] 
g lu co se  in  to  p  1-3 g lucan  by two enzyme p re p a ra tio n s  frcm 
su sp e n s io n -c u ltu re d  bean, u s in g  a ssay s  a s  d e sc rib e d  in  ch ap te r 2 : -
( D - O  ) = s tan d a rd  p re p a ra tio n ; ( Q  1 ^ |) 0 = homogenate
p re p a ra t io n .
F igu re  4
14Comparison o f in c o rp o ra tio n  o f r a d io a c t iv i ty  from UDP-D-[U C] 
xy lose  in to  xyloglucan  by two enzyme p re p a ra tio n s  frcm susp en sio n - 
c u ltu re d  bean, u s in g  a ssay s  a s  d esc rib ed  in  c h ap te r  2 : -  
( D — □  ) = s tan d a rd  p re p a ra tio n ; ( | 1  ) = hcmogenate
p re p a ra t io n .
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and by b in o c u la r  m icroscopy usin g  phlorog lucino l/H C l a s  a l ig n in  s ta in  
(Jensen , 1962) (Ch.2 p. 67 ) -  th i s  produces a red co lo u r due to  
condensation  of th e  c c n ife ry l aldehyde group in  l i g n in .  While 
o ccasio n a l s in g le  xylem v e ss e ls  were observed in  seme c u l tu re s ,  th e se  
probably  o r ig in a te d  frcm th e  o r ig in a l c a l lu s ,  and no a p p re c ia b le  
d if fe re n c e  was found. A f u r th e r  s e r ie s  of experim ents was perform ed 
w ith  d i f f e r e n t i a t io n  in v e s t ig a te d  a ls o  by means of a phenol a ssa y , 
u s in g  a m o d if ic a tio n  by S ta ffo rd  (1960) o f th e  method of G e ire r  (1954) 
fo r  n a t iv e  l ig n in  p re p a ra tio n  (Ch.2 p .6 9 ) . The p resence of p h en o lic  
compounds i s  assumed to  be a crude in d ic a t io n  of l ig n in  b io sy n th e s is  
and hence o f d i f f e r e n t i a t io n .  The q u a n t i t ie s  o f phenols p re sen t in  
su sp e n s io n -c u ltu re  samples d e tec ted  by th i s  method a re  exp ressed  JLn 
term s o f jug o f g u iau co l, a l ig n in  d e r iv a t iv e ,  e stim ated  by u se  o f a 
s tan d a rd  curve.
In v e s t ig a t io n  of d i f f e r e n t ia t io n  in  su sp en s io n -cu ltu red  bean -  1.
3 -3F lask s  of in d u c tio n  medium (200 cm ) were prepared w ith  1 mgdm
-3  3NAA, and e i th e r  0 .2 , 0 .5  or 1 mgdm k in e t in .  Approxim ately 20 cm
su sp e n sio n -c u ltu re d  t i s s u e  was tr a n s fe r re d  from m aintenance medium in to
two f la s k s  o f  each hormonal com bination and two f ld s k s  o f f r e s h
m aintenance medium a s  a c o n tro l. Follow ing 7 or 14 days in c u b a tio n
a t  25°C, f la s k s  o f each trea tm en t were examined by l i g h t  m icroscopy.
fo llo w in g  s ta in in g  w ith  ph lo rog lucino l/H C l, and by perform ing a phenol
assay  on d u p lic a te  50 mg (d ried  w eight) t i s s u e  sam ples.
No xylem v e s s e ls  were ev iden t fo llow ing  s ta in in g .  Phenol a ssay
r e s u l t s  were recorded  in  Table 1. Phenol le v e l s  were maximal a f t e r  
7 days where th e  r a t i o  o f NAA:kinetin was 5 :1 . However a f t e r  14 days 
th e  h ig h e s t phenol le v e l  recorded  was fo r  th e  c o n tro l f la s k .  O verall 
le v e l s  o f phenol were low, so th e  experim ent was rep ea ted  u s in g  an 
e x tra  hormone co n ce n tra tio n  and one tim e only.
I n v e s t ig a t io n  o f d i f f e r e n t ia t io n  in  su sp e n sio n -c u ltu re d  bean -  2.
The p rev ious experim ent was rep eated  w ith  s e v e ra l  changes: -
-3
hormone c o n c e n tra tio n s  of 1 mgdm NAA w ith  e i th e r  0 .125 , 0 .2  or 0 .5
-3  3mgdm k in e t in  were used , 60 cm of t i s s u e  was t r a n s fe r re d  in to  each
f la s k ,  and th e  f la s k s  were l e f t  fo r  s ix  days only.
There was no s ta in in g  w ith  ph lo rog lucino l/H C l and no ev idence of 
v e s s e ls  under l i g h t  m icroscope. Phenol assay  r e s u l t s ,  reco rded  in  
Table 2, showed low le v e ls  o f phenol in  a l l  sam ples, and v a lu es  frcm 
hormone tre a tm e n ts  were low er than c o n tro l v a lu es . As t i s s u e  in  t h i s  
and in  th e  p rev ious experim ent was t r a n s fe r re d  d i r e c t ly  in to  th e  
experim en ta l f la s k s ,  seme d i lu t io n  o f th e  in d u c tio n  medium may have 
occu rred , a l t e r in g  hormone c o n c e n tra tio n s . In th e  n ex t experim ent 
th e re fo re , samples were washed in  th e  a p p ro p ria te  in d u c tio n  medium 
be fo re  t r a n s f e r .  Samples were incubated  fo r  8 days, and two su cro se  
c o n ce n tra tio n s  were used .
In v e s tig a t io n  o f d i f f e r e n t ia t io n  in  su sp en s io n -cu ltu red  bean -  3.
T issue samples (approx. 60g) were incubated  f o r  8 days w ith
T able 1
_3
Phenol c o n ten t, expressed  in  /igcm g u a iac o l e q u iv a le n t, in  50 rag 
(d r ied  weight) bean su sp e n s io n -c u ltu re  sam ples, fo llo w in g  in cu b a tio n  
o f t i s s u e  in  v a rio u s  in d u c tio n  m edia.
Mediun used: D uration o f in cu b a tio n
r a t i o  NAA : k in e t in  7 day 14 day
M aintenance medium 3 .2  3
1:1 1.2 0 .3
2:1 2 .5  2 .8
5:1 - 3 .7  1.3
Table 2
-3Phenol c o n ten t, expressed  in  p o m  g u a iac o l e q u iv a le n t, in  50 mg 
(d ried  w eight) bean su sp e n s io n -c u ltu re  sam ples, fo llow ing  in c u b a tio n  
of t i s s u e  in  v a rio u s  in d u ca tio n  media fo r  s ix  days.
-3Medium used: r a t i o  NAA* k in e t in  Phenol content:;u@lcm g u a ia c o l
M aintenance medium 3 -  0 .3
2:1 2 .3  -  0 .4
5:1 2 .3  i  0 .3
8: 1 2 - 0
-3  -3in d u c tio n  medium co n ta in in g  1 mgcm NAA w ith  0.125, 0 .2  or 0 .5  mgdm
k in e t in ,  or w ith  m aintenance medium only . Two s e ts  o f f la s k s  were 
u sed , w ith  3% su cro se  in  th e  in d u c tio n  medium as p rev io u s ly , or w ith  
6% su c ro se , g iv in g  a t o t a l  of 8 f la s k s .
No v e ss e ls  o r s ta in in g  w ith  ph lo rog lucino l/H C l were observed, 
and phenol le v e ls  were g e n e ra lly  low. In c reased  sucrose  co n ce n tra tio n  
appeared to  r e s u l t  in  in c reased  phenol le v e ls ,  but d if f e re n c e s  between 
hormone c o n ce n tra tio n s  were narrowed down, making s e le c t io n  o f an
optimum c o n ce n tra tio n  d i f f i c u l t  (Table 3 ) .  As absorbance was o ften
-3  -3h ig h e r w ith  a hormone r a t i o  of 5:1 ( i . e .  1 mgcm NAA, 0 .2 mgcm
k i n e t i n ) , a narrow er range o f  co n ce n tra tio n s  around th i s  v a lu e  was 
u sed , w ith  3% sucrose  in  m edia.
I n v e s t ig a t io n  of d i f f e r e n t ia t io n  in  su sp e n s io n -c u ltu re d  bean -  4.
3
T issue (60 cm ) was washed and added to  f la s k s  w ith  4 :1 , 5:1 or 
6:1 NA A ikinetin. F lask s  were incubated  f o r  8 days. No d i f f e r e n t i a ­
t io n  was d e tec ted  by p h lo ro g lucino l/H C l s ta in in g  o r by l i g h t  m icro­
scopy, and phenol a ssay s  (Table 4) showed maximum le v e ls  in  th e  
m aintenance medium c o n tro l. Of th e  hormone r a t io s  used , 5:1 NAA: 
k in e t in  gave the  h ig h e s t phenol re a d in g .
I t  was f e l t  t h a t  th e  in c o n s is te n c y  o f  th e  r e s u l t s  ob ta ined  from 
th e  phenol assay  could be due in  p a r t  to  th e  s iz e  o f th e  t i s s u e  sample 
taken  i . e .  two 50 mg samples from each f la s k  re p re se n ts  a very  sm all 
p ro p o rtio n  of the t o t a l  c o n te n ts . An experim ent was th e re fo re
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T able 3
_3
Phenol c o n ten t, expressed  in  )igcm g u a iaco l e q u iv a le n t, in  50 mg
(d ried  w eight) bean su sp e n s io n -c u ltu re  sam ples, fo llow ing  in cu b a ticn  
o f t i s s u e  in  v a rio u s  in d u c tio n  media fo r  e ig h t days a t  two sucrose  
c o n c e n tra tio n s .
Medium used: % sucrose  in  medium
r a t i o  NAA : k in e t in 3% 6%
M aintenance medium 2.2 + 0 .8 2 .6 + 0 .4
2:1 1.2 + 0.01 3 .3 + 0 .2
5.1 2 .7 + 0.1 3 .2 + 0 .4
8:1 1.2 + 0.1 3 + 0 .5
Table 4
-3Phenol con ten t in  ;jgcm g u a iaco l eq u iv a len t in  50 mg (d ried  w eight) 
bean su sp e n s io n -c u ltu re  sam ples, fo llow ing  in cu b a tio n  o f t i s s u e  f o r  
e ig h t days in  v a rio u s  media.
-3Medium u sed : NAA ; K ine tin  Jigcm g u a iac o l e q u iv a le n t
Maintenance medium 4 .5 + 0 .5
4:1 3 .3 + 0 .5
5:1 3 .8 + 0.1
6:1 2 .8 + 0.1
perform ed to  a ttem p t a t  le a s t  p a r t i a l l y  to  e lim in a te  t h i s  v a r ia t io n .
Two 50 mg t i s s u e  sam ples were taken fran  four id e n t i c a l  tre a tm e n ts  
and assayed  fo r  phenol.
In v e s t ig a t io n  of d i f f e r e n t ia t io n  in  su sp e n s io n -c u ltu re d  bean -  5 .
3
F lask s  were s e t  up co n ta in in g  60 cm washed m a te r ia l ,  fo u r  w ith  
CMCB and fo u r w ith  5:1 NAA/kinetin, and were incubated  fo r  8 days.
No v e s s e ls  were d e te c te d  w ith  ph lo rog lucino l/H C l or observed under 
l i g h t  m icroscope. Phenol assay  r e s u l t s  (Table 5) showed c le a r  
v a r ia t io n  between id e n t ic a l  tre a tm e n ts , but o v e ra l l  h ig h e r phenol 
le v e ls  occurred in  c o n tro l f la s k s .
There i s  th e re fo re  l i t t l e  evidence of d i f f e r e n t i a t io n  under th e  
co n d itio n s  used , and t h i s  system i s  u n su ita b le  fo r  in v e s t ig a t io n  o f 
b io s y n th e tic  enzymes during  o r a f t e r  d i f f e r e n t i a t i o n .  S ev e ra l fu r th e r  
a ttem p ts  a t  ach iev in g  d i f f e r e n t ia t io n  were made, u s in g  v ary in g  hormone 
c o n ce n tra tio n s  and d i f f e r e n t  c e l l  l in e s .  None were s u c c e s s fu l, so 
experim ents w ith s o l id  c a l lu s  c u ltu re s  were commenced as  an a l t e r n a t iv e  
source o f m a te r ia l .
D if f e re n t ia t io n  o f  ’n o d u le s ’ of v a sc u la r  t i s s u e  in  c a l lu s  c u l tu re s  
has been w e ll documented (Wetmore & R ier (1963) ; Haddon & N orthcote 
(1975, 1976)), bu t t h i s  sytem has s e v e ra l obvious d isad v an tag es  over 
th e  su sp e n s io n -c u ltu re  system : in  g en e ra l c a l lu s e s  grow r e l a t i v e ly
slow ly between su b -c u ltu re s , v a r ia t io n  e x is t s  between c u l tu re s ,  and
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Table 5
_3
Phenol c o n te n t, expressed  in  jigcm g u a iaco l eq u iv a len t in  50 mg 
(dry w eight) bean su sp e n s io n -c u ltu re  sam ples, fo llow ing  in cu b a tio n  
fo r  e ig h t  days on in d u c tio n  (5:1 NAA:Kinetin) or m aintenance medium.
R ep lica te  Maintenance medium In d u c tio n  medium
1 3.0 + 0 .8 2 .5 + 0.1
2 2 .5 + 0.1 2 . A + 0.1
3 2 .6 + 0.1 2 .0 + 0 .2
A 2.7 + 0.1 2 .5
+ 0.1
only  cne su rfa ce  o f th e  c a l lu s  i s  in  d i r e c t  co n tac t w ith  th e  hormone- 
co n ta in in g  medium. The slow c a llu s  growth r a te  i s  l ik e ly  to  r e s u l t  
in  low enzyme a c t i v i t y ,  making comparisons o f enzyme a c t i v i t y  in  
d i f f e r e n t ly  t r e a te d  c a llu se s  d i f f i c u l t .
A p re lim in a ry  s tudy  was made o f  enzyme a c t i v i t i e s  in  c a l lu s e s  
k ep t on m aintenance medium. The enzyme p re p a ra tio n  was s im ila r  to  
th a t  dev ised  fo r  use w ith  d i f f e r e n t ia te d  suspension  c u l tu re s ,  i . e .  
hom ogenisation o f  t i s s u e  in  an equal w eight o f b u ffe r  follow ed by 
f i l t r a t i o n  and d i r e c t  a d d itio n  to  in c u b a tio n s , r a th e r  than  c e n tr i fu g a t io n
In v e s t ig a t io n  o f in co rp o ra tio n  o f r a d io a c t iv i ty  by fou r sy n th e ta se  
system s u s in g  a crude enzyme p re p a ra tio n  from s o lid  c a l lu s  c u l tu re s
Enzyme p re p a ra tio n s  were prepared from c a llu s e s  which had been
su b -c u ltu re d  th re e  to  fo u r tim es, and were about s ix  weeks o ld . The
t i s s u e  was homogenised in  an equal w eight o f  b u ffe r  in  a m o rta r w ith
acid-w ashed sand, and then th e  homogenate was f i l t e r e d  th rough m uslin
3
and added d i r e c t ly  to  in cu b a tio n s  (0 .5  cm ) .  Enzyme assay s  as  
d esc rib ed  in  ch ap te r two (p. 51 ) were used to  in v e s t ig a te  th e
x y lo g lu c a n -x y lo sy ltra n s fe ra se ,# 1 -3  g lu c a n -g lu c o s y ltra n s fe ra se , 
x y lo g lu c a n -fu c o sy ltra n s fe ra se  and x y la n -x y lo sy ltra n s fe ra se  system s. 
I ic u b a tio n s  were te rm in a ted  a t  0, 15 and 60 m in.
In c o rp o ra tio n  r a te s  were g e n e ra lly  low. There was ev idence o f 
a c t i v i t y  fo r  th e  x y lo g lu c a n -x y lo sy ltra n sfe ra se  (F ig . 5) and JB 1-3 
g lu c a n -g lu c o sy ltra n s fe ra se  systems (F ig . 6 ) , w ith  in c o rp o ra tio n
F igure 5
1 A
In c o rp o ra tio n  of r a d io a c t iv i ty  from UDP-D-[U C ]xylose in to  
xyloglucan by a hcmogenate p re p a ra tio n  from bean c a l lu s ,  
u s in g  s tan d a rd  c o n d itio n s .
F igure  6
14In co rp o ra tio n  o f r a d io a c t iv i ty  from UDP-D-[U C]glucose in to  
^  1-3 glucan by a hcm ogenate-preparation  frcm bean c a l lu s ,  
u s in g  s tan d a rd  c o n d itio n s .
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^  time(min) ^
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in c re a s in g  w ith  tim e . There was l i t t l e  ev idence of in co rp o ra tio n  
fo r  th e  fu c o s y I tra n s fe ra s e  (Table 6) or x y la n -x y lo sy ltra n s fe ra se  
system s (Table 7 ) . This v a r i a b i l i t y  in  enzyme a c t i v i t y  may sim ply 
r e f l e c t  v a r ia t io n  between c a l lu s e s ,  which though of a common o r ig in  
can d i f f e r  in  s iz e , r a te  o f  grow th, f r i a b i l i t y ,  appearance, e t c .
Before fu r th e r  in v e s t ig a t io n  of enzyme a c t i v i t y  in  c a l lu s e s  was 
undertaken , in d u c tio n  of d i f f e r e n t i a t io n  in  c a l lu s  c u ltu re s  was 
a ttem pted  by t r a n s f e r  o f t i s s u e  from m aintenance to  in d u c tio n  medium.
In v e s t ig a t io n  of d i f f e r e n t i a t io n  in  bean c a l lu s  c u ltu re s  -  1.
S o lid  c a l lu s  was grown on m aintenance medium f o r  fo u r sub­
c u l tu re s  befo re  t r a n s f e r  to  in d u c tio n  medium c o n ta in in g  3% su c ro se ,
_3
1 mgdm NAA and a r a t i o  o f 2 :1 , 5:1 or 8:1 NAA/kinetin. (The same 
media were used a s  fo r  suspension  c u l tu re s  bu t w ith  1 % ag ar added 
b efo re  a u to c la v in g .)  C a llu ses  were found to  vary  in  te x tu re ,  being 
b a s ic a l ly  hard and d i f f i c u l t  t o  c u t ,  or s o f t  and f r i a b le  r e s u l t in g  in  
a much g re a te r  su rface  a re a  coming in to  c o n ta c t w ith  th e  medium. 
Samples o f both ty p es  o f c a l lu s  were used f o r  comparison in  th e  f i r s t  
experim ent, and c a llu se s  were l e f t  fo r  21 days befo re  exam ining.
C allu ses  were examined by p h lo rog lucino l/H C l s ta in in g  fo r  l ig n in ,  
and by phenol a ssa y . D is t in c t  p in k  p a tches and s p i r a l  th ic k e n in g s  
were observed in  c a l lu s  on in d u c tio n  medium w ith  2:1 NAA/kinetin on 
s ta in in g .  A few p ink  p a tch es  were a ls o  observed a t  o th e r hormone 
c o n ce n tra tio n s  but no s ta in in g  occurred  in  c o n tro l samples on
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T able 6
14In c o rp o ra tio n  of r a d io a c t iv i ty  from GDP-D-[U C]fucose by hcmogenate 
p re p a ra tio n  frcm bean c a l lu s ,  u s in g  s tan d ard  assay  c o n d itio n s .
Incu b a tio n  Time (min) In c o rp o ra tio n  of r a d io a c t iv i ty  (Bq)
0 0.1
+ 0
15 0 .8
+ 0.1
60 0 .7 + 0.1
Table 7
14In co rp o ra tio n  of r a d io a c t iv i ty  frcm UDP-D-[U C] xy lose  in to  xylan by 
hcmogenate p re p a ra tio n  frcm bean c a l lu s ,  u s in g  s tan d a rd  a ssay  c o n d itio n s .
In cubation  Time (min) In c o rp o ra tio n  o f r a d io a c t iv i ty  (Bq)
0
15
60
0.2 i  0
0 .7  -  0.1 
0 .7  -  0.1
m aintenance medium. F r ia b le  c a l lu s  s ta in e d  more n o tic e a b ly  than  
n o n - f r ia b le  c a l lu s .  Phenol assay  r e s u l t s  (Table 8) f o r  f r i a b l e  
callus r e f le c te d  th o se  o f p h lo ro g lu c in o l s ta in in g  i . e .  maximum phenol 
le v e ls  in  2:1 NAA/kinetin, but fo r  n o n - f r ia b le  c a l lu s  maximum phenol 
le v e ls  were recorded  fo r  8:1 NAA/kinetin, and in  g e n e ra l le v e ls  were 
low er. The experim ent was rep eated  w ith f r i a b le  c a l lu s  o n ly .
in v e s t ig a tio n  o f  d i f f e r e n t i a t io n  in  bean c a l lu s  c u l tu re s  -  2 .
• The p rev ious experim ent was re p e a te d , u s in g  f r i a b l e  c a l lu s  and 
two hormone co n ce n tra tio n s  -  2:1 and 5:1 NAA/kinetin. A fte r 21 days, 
v e s s e ls  were observed in  2:1 NAA/kinetin on s ta in in g ,  and a l s o  in  5:1 
NAA/kinetin t o 'a  sm a lle r e x te n t .  'No v e s s e ls  or s ta in in g  was observed 
in  th e  c o n tro l  f l a s k .  Phenol assay  r e s u l t s  (Table 9) d id  no t r e f l e c t  
s ta in in g  r e s u l t s ,  and phenol le v e ls  were low.
in th e  next experim ent a tim e course o f d i f f e r e n t i a t io n  was 
c a r r ie d  o u t, a t  one hormone c o n c e n tra tio n . '
Time course o f d i f f e r e n t ia t io n  in  bean c a l lu s
Bean c a l lu s  was su b -cu ltu red  in to  s ix  f la s k s ,  th re e  c o n ta in in g  
m aintenance medium and th re e  w ith  2:1 NA A /kinetin. F lask s  were 
incubated  fo r  7, 15 o r 21 days and then  examined by p h lo ro g lu c in o l/H C l 
s ta in in g  and by phenol a s s a y . No v e s s e ls  were observed a t  any tim e 
in  c o n tro l f la s k s  ( i . e .  m aintenance medium) and in  in d u c tio n  medium 
v e s s e ls  were f i r s t  observed a t  15 days, then  in  g r e a te r  nunber a t  21
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Table 8
_3
Phenol c o n ten t, expressed  in  /agcm g u a iaco l e q u iv a le n t, in  50 mg 
(d r ie d  w eight) bean c a llu s  c u l tu re s ,  fo llow ing  in cu b a tio n  of f r i a b l e  
and n o n - f r ia b le  c a l lu s  fo r  21 days on v a rio u s  in d u c tio n  m edia.
In cu b a tio n  medium 
r a t i o  N aa/k in e tin
Type of c a l lu s  
F r ia b le  N o n -fr iab le
M aintenance
2:1
5:1
8:1
( con tam inated )
3 .7  
3
2.8
2 .3
2
2. A 
2 .5
Table 9
_3
Phenol co n ten t in  jigcm g u a iaco l e q u iv a len t in  50 mg (d ried  w eight) 
bean c a llu s  c u l tu re s ,  fo llow ing  in c u b a tio n  fo r  21 days on v a rio u s  
in d u c tio n  media.
In cu b a tio n  medium: NAA/kinetin Phenol co n ten t -  jig  g u a iaco l. cm-3
C ontrol (m aintenance medium) 2 + 0 .5
2:1 2 .2 + 0. A
5:1 2 .7
+ 0 .9
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d ay s. Phenol assay  r e s u l t s  (Table 10) d id  n o t however r e f l e c t  s ta in in g  
r e s u l t s  and showed a decrease  in  phenol le v e ls  w ith  tim e .
As i t  appeared obvious th a t  d i f f e r e n t i a t io n  was o ccu rrin g  but not 
being  r e l i a b ly  d e te c te d  by th e  phenol a ssa y , a second biochem ical t e s t  
was in troduced  -  an assay  fo r  pheny la lan ine  ammonia ly ase  a c t i v i t y  
(or PAL a s s a y ) . P h en y la lan in e  i s  a p re c u rso r of l ig n in  in  d ico ty led en o u s 
p la n ts  and i s  b e lieved  to  be co n cen tra ted  in  t i s s u e s  t h a t  a re  sy n th e s iz in g  
l ig n in  e .g .  sycamore xy lan , c e le ry  p e t io le s  and pea ro o ts  (Rubery & 
N orthco te , 1968). Evidence o f PAL a c t i v i t y ,  which i s  in d ic a te d  by 
conversion o f  phen y la lan in e  to  cinnam ic a c id , i s  a more s p e c i f ic  in d ic a tio n  
of d i f f e r e n t ia t io n  than  presence  of phenols, but re q u ire s  more p re c ise  
d e te c t io n , a s  PAL a c t i v i t y  r i s e s  a t  th e  commencement o f  d i f f e r e n t i a t io n  
and d e c lin e s  a f te rw a rd s . Timing of a ssay s  i s  th e re fo re  c r i t i c a l .
Once d i f f e r e n t i a t io n  has occurred , phenol le v e ls  rem ain h ig h , so  tim ing  
i s  f a r  le s s  c r i t i c a l .
The f e a s i b i l i t y  of u sing  a PAL assay  to  d e te c t  d i f f e r e n t i a t io n  in  
s o l id  c a l lu s e s  was in v e s t ig a te d  by comparing phenol le v e ls  and PAL 
a c t i v i t y  a t  fo u r day in te r v a ls  up to  20 days in  c o n tro l and induced 
c a l lu s e s .
Comparison of PAL and phenol assays f o r  bean c a llu se s  grown on 
m aintenance and in d u c tio n  media -  1.
The course of d i f f e r e n t ia t io n  in  bean c a l lu s e s  t r a n s fe r r e d  onto 
in d u c tio n  medium was a sse ssed  u sing  PAL and phenol a ssay s  in  co n ju n ctio n
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Table 10
Time course of d i f f e r e n t i a t io n  in  bean c a l lu s  on induction medium 
(2 :1 , NAA:Kinetin) d e te c te d  by m easuring phenol co n ten t in  50 mg
_3
(d r ie d  w eight) sam ples, expressed  as  figcm g u a iaco l e q u iv a le n t.
In cu b a tio n  tim e Incubation  medium
(days) C ontrol (m aintenance medium) In d u c tio n  medium
(2:1 N aa /k in e tin )
7 2 .2
+ 0 .3 2 .4 + 0.1
15 2 .3 + 0.1 2 .3 + 0 .2
21 1.2 + 0.1 2 .0 + 0 .4
w ith  p h lo rog lucino l/H C l s ta in in g  fo r  l ig n in .  C ultu re  f la s k s  were 
s e t  up u sing  t i s s u e  frcm two c a l lu s e s  grown on m aintenance medium 
which were t r a n s fe r r e d  onto f r e s h  m aintenance medium or onto  in d u c tio n  
medium c o n ta in in g  2:1 N aa/K ine tin . Samples were incubated  fo r  4, 8 , 
12, 16 o r 20 days, and a t  each tim e in te r v a l  one f la s k  of each 
tre a tm e n t was assayed  fo r  phenol and PAL, and examined u s in g  
ph lo ro g lu c in o l/H C l.
On s ta in in g  w ith  p h lo ro g lu c in o l p ink  pa tch es  appeared in  samples 
on in d u c tio n  medium from day 12 .onwards. Phenol and PAL assay  r e s u l t s  
were recorded  in  Table 11. These r e s u l t s  show agreement between 
p h lo ro g lu c in o l s ta in in g  and PAL a c t i v i t y  (expressed  in  term s of 
p ercen tage  conversion o f phen y la lan in e  to  cinnam ic a c id ) i . e .  g r e a te s t  
evidence of d i f f e r e n t ia t io n  on day 12. For th e  phenol a ssa y , phenols 
pedced.onday 8 and were o i ly  m arg in a lly  h ig h e r than  in  th e  s t a r t i n g  
m a te r ia l  ( i . e .  th e  o r ig in a l  c a l lu s ) .
Thus th e  PAL assay  appeared to  be more a c c u ra te  than  th e  phenol 
a s s a y . This was f u r th e r  in v e s t ig a te d  by re p e a tin g  th e  experim ent, 
u s in g  th e  same co n d itio n s  but examining more c a l lu s e s  around day 12.
Comparison o f PAL and phenol assays f o r  bean c a llu s e s  grown on 
m aintenance and Induction  media -  2 .
Three c a l lu s e s  from a d i f f e r e n t  c u ltu re  l in e  to  t h a t  used in  th e  
p rev ious experim ent were t r a n s fe r re d  onto f r e s h  m aintenance medium, or 
on to  in d u c tio n  medium, and then incubated  fo r  8, 10, 12, 14, 16 or 20
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Table 11
Time course  of d i f f e r e n t ia t io n  in  bean c a llu s  on in d u c tio n  medium 
(2:1 NAA/kinetin) d e tec te d  by phenol a ssay  and PAL a ssay : phenols
_3
expressed  a s  jigcm g u a iaco l e q u iv a len t and PAL a c t i v i t y  as  percentage 
conversion  o f p h eny la lan ine  to  cinnam ic a c id .
In cu b a tio n  tim e Phenol Assay PAL Assay
(days) C ontrol Induced C ontro l Induced
2:1 NAA/kinetin 2:1 NAA/kinetin
0 . 2 .8  -  0 .4  13.4
4 2 .2  -  0 .4  2.1 -  0.01 13.2 15.2
8 2 .7  -  0.1 3 -  0 .3  14.5 15.5
12 1.3 -  0 2 .2  -  0 .3  18.5 22.8
16 1.5 -  0 1.8 -  0 .2  16.3 19.3
20 1.2 -  0.1 1.3 -  0.01 14.3 15
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d ays. T issue  was examined by phoroglucinol/H C l s ta in in g ,  and phenol 
and PAL a ssay s  were c a r r ie d  o u t .
U n fo rtu n a te ly , in  t h i s  experim ent seme p in k -s ta in in g  pa tch es  were 
p re se n t in  th e  s t a r t i n g  m a te r ia l .  T h e re a fte r  p ink  s ta in in g  was only 
observed a t  day 12 in  induced sam ples, though th e re  was a l s o  ev idence 
o f th ick en ed  w a lls  a t  day 16. R esu lts  o f phenol and PAL a ssay s  
(Table 12) showed PAL a c t i v i t y  in  induced samples peaking again  on 
day 12. Phenol l e v e l s  peaked on day 16, but were a ls o  high in  th e  
s t a r t i n g  t i s s u e .  The experim ent was rep ea ted  u sing  d i f f e r e n t  c a l lu s e s  
and th e  same p a tte rn  emerged -  maximum PAL a c t i v i t y  on day 12 and 
maximum phenol le v e ls  on day 16.
The d if fe re n c e  in  th e  r e s u l t s  o f th e se  two a ssay s  presumably 
r e f l e c t s  th e  d i f f e r e n t  n a tu re  o f  th e  t e s t s  i . e .  th e  PAL assay  d i r e c t ly  
m easures enzyme a c t i v i t y  and r e f l e c t s  th e  course of l ig n in  b io s y n th e s is , 
w h ile  th e  phenol assay  r e f l e c t s  th e  t o t a l  phenol c o n ce n tra tio n  which 
w i l l  co n tinue  to  r i s e  even a s  enzyme a c t i v i t y  slows down, a s  i t  i s  a 
cum ulative m easurem ent. The PAL assay  was th e re fo re  used in  subsequent 
experim ents a s  i t  would a llow  c o r re la t io n  of l ig n in  b io sy n th e s is  w ith  
s p e c i f ic  a ssay s  of w a ll b io s y n th e tic  enzymes. R esu lts  of PAL a ssay s  
were a l s o  expressed  in  a more m eaningful form, tak in g  th e  p ro te in  
co n ten t of enzyme p re p a ra tio n s  in to  account i . e .  nmol cinnam ic ac id  
formed p e r mg p ro te in .
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Table 12
Time course  o f d i f f e r e n t ia t io n  in  bean c a llu s  on in d u c tio n  medium 
(2:1 NAA/kinetin) d e tec te d  by-phenol assay  and PAL assay  : phenols
_3
expressed  a s  ^lgcm g u a iaco l e q u iv a len t and PAL a c t i v i t y  a s  percen tage 
conversion  o f p h en y la lan in e  to  cinnam ic a c id .
In cu b a tio n  tim e Phenol Assay PAL assay
(days) C ontro l 2:1 NAA/kinetin C ontro l 2:1 NAA/kinetin
0 3.75 + 1.3 15.6
8 1.3 + 0 2 .2 + 0 16.3 16.9
10 1.3 + 0 .5 2 .A + 0 .2 1A.7 1 8 .A
12 1.3 + 0 2 .A + 0.1 15.6 22 .7
14 1.4
+ 0.1 2 .A + 1 1 A. 9 17.3
16 2 .4 + 0 .5 3 .6 + 0 .5 1 6 .A 17.0
20 2 .5 + 0 .5 2 .6
+ 0 15.0 1 A. 6
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2. In v e s tig a t io n  of th e  E ffe c t of D if f e re n t ia t io n  on th e  A c tiv ity  of 
Four Wall B io sy n th e tic  Enzymes
Changes in  th e  a c t i v i t i e s  o f enzymes involved  in  c e l l  w all 
b io sy n th e s is  have been rep o rte d  by se v e ra l a u th o rs . D alessandro 
and N orthcote (1977) s tu d ie d  changes involved in  n u c leo s id e  d iphosphate  
sugar in te rc o n v e rs io n s  du rin g  d i f f e r e n t ia t io n  of cambium to  xylem 
in  p ine  and f i r .  The s p e c if ic  a c t i v i t i e s  o f th e se  enzymes v a ried  
acco rd ing  to  th e  type of p o ly sacch arid e  being sy n th e s iz e d . Haddon 
and N orthcote (1975) c o r re la te d  an in c re a se  in  nodule form ation  in  
bean c a llu s  t r a n s f e r r e d  from a m aintenance to  an in d u c tio n  medium w ith  
an in c re a se  in  PAL and 1-3 glucan sy n th e ta se  a c t i v i t y .  D alessandro  
and N orthcote (1985) found th a t  th e  a c t i v i t y  o f a p o ly g a la c tu ro n ic  a c id  
syn thase  f e l l  a t  l e a s t  6-10 fo ld  a s  c e l l s  d i f f e r e n t ia te d  frcm v a sc u la r  
cambium to  xylem, and was c o rre la te d  w ith  th e  c e s sa tio n  o f p e c tin  
d e p o s it io n .
The changes in  a c t i v i t y  during  d i f f e r e n t ia t io n  of enzymes involved  
in  xyloglucan b io sy n th e s is  do no t appear to  have been in v e s t ig a te d .
An in v e s t ig a t io n  o f  th e  a c t i v i t y  o f th re e  w all sy n th ase  enzymes was 
th e re fo re  c a r r ie d  cu t u s in g  bean c a l lu s  c u ltu re s  and enzyme a ssa y s , 
p a r t i a l ly  optim ised  a s  e a r l i e r  d esc rib ed  ( p .220 ) . Time cou rses of 
d i f f e r e n t ia t io n  were s tu d ie d  by perform ing a PAL assay  and a s p e c i f ic  
enzyme assay  a t  tim e in te r v a l s  -  g e n e ra lly  a t  fo u r  day in te r v a l s  up to  
20 days. A p ro te in  assay  was performed a t  each tim e in te r v a l  to  a llo w  
c a lc u la tio n  of s p e c i f ic  enzyme a c t i v i t i e s .
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i .  In v e s tig a t io n  o f x y lo g lu c a n -x y lo sy ltra n s fe ra se  and xy log lucan - . 
f t ic o s y ltra n s fe ra s e  a c t i v i t y  during  d i f f e r e n t i a t io n  in  bean c a l lu s
F r ia b le  bean c a l lu s  was t r a n s f e r r e d ,  a f t e r  th re e  to  fo u r  sub­
c u l tu re s  on m aintenance medium, onto in d u c tio n  medium co n ta in in g  
2:1 NAA/kinetin, or onto  f r e s h  m aintenance medium. C allu ses  were 
incubated  a t  25°C in  th e  dark f o r  0 , 4, 8, 12, 16 or 20 days, and a t  
each tim e in te r v a l  PAL a c t i v i t y ,  x y lo s y ltra n s fe ra s e  a c t i v i t y  and 
fucosy1tra n s fe ra s e  a c t i v i t y  were a sse ssed  f o r  c a l lu s  t i s s u e  grown on 
m aintenance and on in d u c tio n  medium. T he p ro te in  co n ten t of th e  
enzyme p re p a ra tio n  fo r  a ssa y in g  tr a n s fe ra s e  a c t i v i t y  was c a lc u la te d  
u s in g  a ta n n in  a ssay . S tandard  x y lo s y I tra n s fe ra s e , fu c o s y ltra n s fe ra s e  
and PAL a ssa y s  were used a s  d esc rib ed  (C hapter 2 , p .69), and 
t r a n s fe ra s e  in c u b a tic n s  were te rm in a ted  a t  0 and 15 min.
PAL a c t i v i t y  (F ig . 7) in  induced c a llu s e s  showed two peaks, a t  
4 and 16 days in c u b a tio n . Levels o f PAL a c t i v i t y  in  c o n tro l c a l lu s e s  
on m aintenance medium showed l i t t l e  v a r ia t io n  a p a r t  from a s l i g h t  r i s e  
in  a c t i v i t y  a t  4 and a t  20 days. The a c t i v i t y  o f th e  x y lo s y ltra n s fe ra s e  
enzyme showed a s im ila r  p a tte rn  to  th a t  of th e  PAL enzyme, w ith  two 
peaks, though th e  peak a t  16 days was co n sid erab ly  la rg e r  (F ig . 8 ) .
The le v e l s  o f enzyme a c t i v i t y  in  th e  c o n tro l samples were s im ila r  t o  
th o se  o f induced sam ples, a p a r t  from the lack  of a peak of a c t i v i t y  a t  
16 days. F u c o sy ltra n s fe ra se  a c t i v i t y  s im ila r ly  r e f le c te d  PAL a c t i v i t y ,  
w ith  a  sm all in c re a se  a t  4 days and a la rg e r  peak a t  16 days (F ig . 9 ) .
Figure 7
Time course o f PAL a c t i v i t y  in  bean c a l lu s  on maintenance 
( 0 ----“0  ) o r in d u c tio n  (  H  ) medium.
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Figure 8
14Time course o f in c o rp o ra tio n  of r a d io a c t iv i ty  frcm UDP-D-[U C] 
xylose in to  xyloglucan by hcmogenate p re p a ra tio n s  from bean 
c a l lu s  on ( 0 - 0  ) m aintenance, or ( # - #  ) in d u c tio n
medium.
F igure  9
14Time course o f in c o rp o ra tio n  o f r a d io a c t iv i ty  from GDP-D-[U C] 
fucose in to  xyloglucan by homogenate p re p a ra tio n s  from bean c a llu s  
on ( O — O  ) m aintenance, or ( # ---- •  ) in d u c tio n  medium.
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In t h i s  case r e s u l t s  from induced and c o n tro l c a llu se s  were very 
s im ila r ,  a p a r t  from a sharp  r i s e  in  a c t i v i t y  in  c o n tro l sam ples a t  
20 days.
i i . In v e s t ig a t io n  o f  ft 1-3 g lu c o s y l tra n s fe ra s e  a c t i v i ty  d u ring  
d i f f e r e n t ia t io n  in  bean c a l lu s
The method fo r  in v e s t ig a t io n  o f enzyme a c t i v i t y  during  d i f f e r e n t i a ­
t io n  used in  th e  p rev ious experim ent was follow ed to  in v e s t ig a te  3^ 1-3 
g lu c o sy l tra n s fe ra s e  a c t i v i t y .  A d i f f e r e n t  c a l lu s  l in e  was used, bu t 
o therw ise  co n d itio n s  were i d e n t i c a l . T h e  assay  f o r  g lu c o s y l tra n s fe ra s e  
was a s  o u tlin e d  in  C hapter 2 (p. 52 ) .
The PAL assay  fo r  induced samples was s im ila r  to  th e  p rev ious 
experim ent, w ith  peaks in  a c t i v i t y  a t  A and 16 days (F ig . 10). The 
PAL a c t i v i t y  fo r  th e  c o n tro l samples however a ls o  showed two peaks o f .  
a c t i v i t y ,  a t  A and a t  20 days. The g lu c o s y l tra n s fe ra s e  a c t i v i t y  was 
h igh  in  th e  c a l lu s  a t  day 0 ( F ig .11). S u b -cu ltu re  onto  in d u c tio n  
medium brought about a d e c lin e  in  a c t i v i t y  follow ed by a peak o f 
a c t i v i t y  a t  16 days, r e f l e c t in g  PAL a c t i v i t y .  S u b -cu ltu re  onto 
m aintenance medium re s u l te d  in  a red u c tio n  in  enzyme a c t i v i t y  to  a 
steady  background l e v e l .
D iscussion
S u rp ris in g ly  good r a te s  of in c o rp o ra tio n  o f r a d io a c t iv i ty  were
Figure 10
Time course  of PAL a c t i v i t y  in  bean c a l lu s  on m aintenance 
( D  □  ) o r in d u c tio n  ( B ——HB ) medium.
F igure  11
14
Time course  o f in c o rp o ra tio n ' o f R a d io a c tiv ity  from UDP-D-[U C] 
g lucose  in to  p  1-3 g lucan  by homogenate p re p a ra tio n  from bean
c a l lu s  on ( O — □  ) m aintenance or ( B~—L—B  i  in d u c tio n
medium.
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o b ta in ed  frcm homogenate p re p a ra tio n s , co n sid e rin g  th a t  sugar nu c leo ­
t id e s  were d i lu te d  more than  f iv e fo ld ,  and t i s s u e  volume was a ls o  
reduced compared w ith  c en tr ifu g e d  p re p a ra t io n s . I t  i s  in te r e s t in g  
th a t  w hile  c e n tr ifu g e d  p re p a ra tio n s  showed tim e courses w ith  in c o rp o ra ­
t io n  of r a d io a c t iv i ty  s t i l l  a p p a re n tly  in c re a s in g  a t  60 min of 
in c u b a tio n , homogenate p re p a ra tio n s  showed co n sid e rab le  slow ing of th e  
r a t e  o f in c o rp o ra tio n  o f r a d io a c t iv i ty  between 15 and 60 min, probably 
due to  th e  presence in  t h i s  type  of p re p a ra tio n  o f  h y d ro la se s , p ro te a se s  
and o th er enzymes involved  in  th e  d eg rad a tio n  o f t r a n s f e r a s e s ,  s u b s t r a te s  
and p ro d u c ts . In cu b a tio n s  o f  sh o r t d u ra tio n  a re  c le a r ly  more s u i ta b le  
fo r  u se  w ith  t h i s  p re p a ra tio n . I t  i s  assumed in  t h i s  study  th a t  th e  
p ro ducts  o f th e  in c u b a tio n s  a re  th e  same as  fo r  c en tr ifu g e d  p re p a ra t io n s . 
This was n o t in v e s t ig a te d  and re q u ire s  confirm ation  b efo re  firm  con clu sio n s  
can be drawn from r e s u l t s  o b ta ined .
I t  i s  n o t c le a r  why a tte m p ts  to  ach iev e  in d u c tio n  o f d i f f e r e n t i a ­
t io n  in  sus pen s i  o n -c u ltu re s  were u n su cc e ss fu l d e sp ite  th e  in v e s t ig a t io n  
o f s e v e ra l v a r ia b le s .  I t  i s  re p o rted  (Haddon & N orthco te , 1975) th a t  
bean (so lid )  c a l lu s e s  v a rie d  co n sid erab ly  in  t h e i r  a b i l i t y  to  form 
nodules on t r a n s f e r  to  in d u c tio n  medium, one s t r a in  r e ta in in g  th e  
a b i l i t y  to  form nodu les fo r  s e v e ra l y e a rs , an o th er fo r  n in e  m onths, 
y e t a f u r th e r  s t r a in  lo s in g  th e  a b i l i t y  a f t e r  f iv e  su b -c u ltu re s  on 
m aintenance medium. This in n a te  v a r i a b i l i t y  may p a r t ly  ex p la in  th e  
la c k  o f su ccess .
As expected , homogenate p re p a ra tio n s  from c a llu s e s  showed low
in c o rp o ra tio n  o f r a d io a c t iv i ty ,  presum ably due to  th e  slow growth r a te  
o f th e  c a l lu s e s .  T his in c o rp o ra tio n  could probably be s u b s ta n t ia l ly  
improved by s e le c t io n  o f fa s t-g ro w in g  c a llu s  l in e s  and o p tim isa tio n  o f 
in c u b a tio n  c o n d itio n s .
D if f e r e n t ia t io n  in  s o l id  c a l lu s e s  was much more e a s i ly  achieved  
than  in  suspension  c u l tu re s ,  im ply ing  th a t  th a t  t r a n s f e r  to  suspension  
re s u l te d  in  th e  lo s s  of a b i l i t y  o f c a l lu s e s  to  d i f f e r e n t i a t e .
V a ria tio n  between c a llu s e s  i s  a p o te n t ia l  problem, a s  i s  spontaneous 
nodule form ation  in  "c o n tro l"  c a l lu s e s  which cannot be c o n tro l le d . 
Assay o f d i f f e r e n t i a t io n  by measurement o f so lu b le  phenols proved 
u n r e l ia b le ,  no t u su a lly  r e f l e c t in g  h is to ch em ica l r e s u l t s  o r r e s u l t s  
from assay s  o f PAL a c t i v i t y .  Haddon and N orthcote (1976) found PAL 
a c t i v i t y  was more c lo se ly  c o r re la te d  w ith  x y logenesis  than  form ation  
o f  s o l id  phenols, and J e f f s  and N orthco te  (1966) rep o rted  th a t  
in c re a s e s  in  so lu b le  phenols only p a r t i a l l y  r e f le c te d  in c re a s e s  in  
l ig n in  co n ten t (around 10$). Haddon and N orthcote (1976) a ls o  re p o r t  
th a t  polyphenols accum ulate in  c u l tu re s  k ep t fo r  a long time on 
m aintenance medium a lthough  no in c re a s e  in  d i f f e r e n t ia t io n  o r PAL 
a c t i v i t y  occurs, in d ic a t in g  th a t  some co n tro l v a lues may be u n r e l ia b le .
Thus PAL a c t i v i t y  was used a s  a "marker" fo r  d i f f e r e n t ia t io n  in
;
in v e s t ig a t io n s  o f  w a ll b io s y n th e tic  enzymes in  the  p re sen t s tu d y .
PAL a c t i v i t y  was measured in  c a l lu s e s  from two experim ents fo r  
comparison w ith  tr a n s fe ra s e  a c t i v i t y .  In  both experim ents an  
unexpected ly  h igh  peak o f a c t i v i t y  occurred  on day A in  both induced
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c a llu s e s  and in  one co n tro l (F ig s. 7 & 10). This may be due to  
s l ig h t ly  e lev a te d  enzyme a c t i v i t y  combined w ith  low t o t a l  p ro te in  
co n ten t g iv in g  r i s e  to  abnorm ally h igh  s p e c i f ic  a c t i v i t y  v a lu e s .
PAL a c t i v i t y  v a lu es  were i n i t i a l l y  recorded  a s  percen tage  conversion  
o f pheny la lan ine  to  cinnam ic ac id  ( r e s u l t s  no t shown) and th e se  v a lues 
do no t r e f l e c t  th e  v a lu es  f o r  s p e c i f ic  a c t i v i ty  -  e .g .  th e  conversion  
r a t e  recorded  fo r  induced c a l lu s e s  frcm F igure  10 fo r  day 4 was 15% 
w hile  fo r  day 16 i t  was 19% .
Assays fo r  x y lo sy l-  and f tic o s y ltra n s fe ra s e  a c t i v i t i e s  (F ig s. 8 & 9 
re s p e c tiv e ly )  show in c re a s e s  in  a c t i v i t y  o f th e se  enzymes on bo th  
in d u c tio n  and m aintenance medium, w ith  peaks a t  day 4 and day 16 
r e f le c t in g  PAL a c t i v i t y  in  th e  same c a l lu s .  This r e s u l t  i s  perhaps 
s u rp r is in g  a s  xyloglucan i s  assumed to  be a prim ary w a ll p o ly sacch arid e , 
th e  sy n th e s is  o f  which m ight be expected to  decrease  on ccmmencement o f 
d i f f e r e n t i a t io n .  This i s  in  c o n tra s t  to  th e  r e s u l t s  o f D alessandro  & 
N orthco te  (1985), bu t may r e f l e c t  th e  d if fe re n c e  in  lo c a t io n  of th e se  
p o ly sacch arid es  in  th e  c e l l  w all re c e n tly  re p o rted  by Moore et_ a l , 
1986.
t r a n s f e r a s e
The a c t i v i ty  o f 1-3 g l u c o s y l i (F ig . 11) on in d u c tio n  medium 
r e f le c te d  th e  PAL a c t i v i t y ,  peaking on day 16. A c tiv ity  in  th e  c a l lu s  
a t  day 0 was high then  d ec lin ed  on both  media. Haddon and N orthco te  
(1975) used p  1-3 g lu c o sy l tra n s fe ra s e  a c t i v i t y  a s  a  marker f o r  phloem 
form ation  in  Phaseolus au reu s  and th ey  a ls o  found a c t i v i t y  on m aintenance 
medium peaked around day 16, w hile PAL a c t i v i t y  in c re a se d  from day 12
onwards. The s im i la r i ty  in  th e se  r e s u l t s  su g g es ts  th a t  phloem 
form ation  i s  being measured in  th e  bean c a l lu s  in  th e  p re sen t study 
a ls o  (though th i s  does n o t ex p la in  th e  h igh  enzyme a c t i v i t y  on day 0 ) .
Chapter 11
DISCUSSION
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The r e s u l t s  o f the  p re lim in a ry  in v e s t ig a t io n  in t h i s  s tu d y  '
(c h a p te r  3) in d ic a te d  th a t  su sp en s io n -cu ltu red  t i s s u e  may be more 
s u i ta b le  than  hypocoty ls fo r  the s tudy  o f enzymes involved in  prim ary 
w a ll b io sy n th e s is . This was c le a r ly  confirmed in  subsequent ch ap te rs  
where much o f th e  v a r i a b i l i t y  o f  r e s u l t s  found w ith  hypocoty l p re p a ra tio n s  
was e lim in a ted  by u sin g  su sp en sio n -cu ltu red  t i s s u e .  In  t h i s  s tu d y , 
s ix  w a ll b io s y n th e tic  enzymes were in v e s t ig a te d : -  xylose frcm UDP- 
xy lose was in co rp o ra ted  by a p a r t ic u la te  enzyme p re p a ra tio n  frcm 
su sp e n s io n -c u ltu re d  bean in to  a product which was id e n t i f ie d  by a n a ly s is  
o f h y d ro ly s is  p roducts  a s  xy log lucan ; under s l i g h t ly  d i f f e r e n t  
in cu b a tio n  c o n d itio n s  xy lose  frcm UDP-xylose was in co rp o ra ted  in to  another 
p ro d u c t, id e n t i f ie d  a s  a x y lan . C h a ra c te r is a tio n  o f the  form er p roduct 
was c a r r ie d  out more thoroughly  than fo r  th e  l a t t e r ,  but i t  was c le a r  
th a t  two q u ite  d i f f e r e n t  p roducts were being formed by th e  t r a n s f e r  o f 
xy lose frcm UDP-xylose under c o n d itio n s  which were n o t very  d i f f e r e n t  
( i . e .  d i f f e r e n t  b u ffe r  and d u ra tio n  o f  c e n tr i fu g a t io n ) .  This r e s u l t  
h ig h l ig h ts  th e  co m p lex itie s  o f t h i s  s o r t  o f s tu d y , where a l t e r i n g  a 
s in g le  param eter can r e s u l t  in  predominant a c t i v i t y  o f  a d i f f e r e n t  
enzyme.
The p a r t ic u la te  enzyme p re p a ra tio n  which c o n ta in s  x y lo s y ltra n s fe ra s e  
a c t i v i t y  a ls o  appears to  con ta in  fu c o s y ltra n s fe ra s e  a c t i v i t y ,  t r a n s f e r r in g  
fucose from GDP-fucose in to  a product thought to  be xy loglucan  -  
id e n t i f i c a t io n  of th e  in cu b a tio n  product in  t h i s  case was more 
com plicated due to  th e  absence of an e a s i ly  id e n t i f i a b le  p roduct o f 
h y d ro ly s is . G a la c to sy Itra n s fe ra se  a c t i v i t y  was found to  vary  between
\
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d i f f e r e n t  b a tch es  o f th e  same p a r t ic u la te  enzyme p re p a ra t io n ; zero  
tim e v a lu es  were high and in c o rp o ra tio n  r a t e s  were low, and id e n t i f i c a ­
tio n  o f th e  in cu b a tio n  p roducts was n o t a ttem p ted . S im ila r  lack  o f 
su ccess  in  in v e s t ig a t in g  g a la c to s y ltr a n s fe ra s e  i s  a l s o  re p o rte d  by 
Camirand and M aclachlan (1986). I t  i s  in te r e s t in g  th a t  x y lo s y l-  
t r a n s fe ra s e  and fu c o s y I tra n s fe ra s e  a c t i v i t y  can a p p a ren tly  proceed in  
th e  absence o f g a la c to s y ltr a n s fe ra s e  a c t i v i t y ,  su g g es tin g  a d d itio n  of 
g a la c to se  i s  n o t req u ired  fo r  continued growth o f th e  m olecu le .
I t  has been rep o rted  th a t  most membrane p re p a ra tio n s  from pea, 
su p p lied  w ith  UDP-glucose w i l l  sy n th es ize  p  1-3 g lucan (Raymond e t  a l ,  
1978). This i s  a l s o  t ru e  o f pea p ro to p la s ts ,  and in  wounded or 
s tre s s e d  p la n ts  where p  1-3 glucan sy n th e s is  p redom inates. I t  i s  
perhaps no t s u rp r is in g  th e re fo re  th a t  g lucose from UDP-glucose ap p ears  
to  be t r a n s fe r r e d  by the bean p a r t ic u la te  enzyme p re p a ra tio n  p r in c ip a l ly  
in to  a product id e n t i f ie d  a s  p  1-3 g lu can . However, th e  f a c t  th a t  
xylose  t r a n s f e r  from UDP-xylose i s  enhanced in  in cu b a tio n s  p re -in c u b a ted  
w ith  UDP-glucose su g g ests  th a t  a t  le a s t  seme in c o rp o ra tio n  from UDP- 
g lu co se  i s  in to  xy log lucan .
I t  i s  n o t known how h e te ro p o ly sacch a rid e  b io sy n th e s is  i s  i n i t i a t e d ,  
but i t  has been proposed th a t  the  i n i t i a t i o n  s te p s  may invo lve  a d d it ib n  
of sugars to  a p ro te in  'p r im e r’ (Tandecarz & C a rd in i, 1978). The 
t r a n s f e r  o f  xylose from UDP-xylose by p a r t i c u la te  enzyme p re p a ra t io n  
frcm bean appears to  invo lve  a p ro te in  p rim er, a s  th e  p roduct o f  th e  
t r a n s f e r  i s  c lo se ly  a s so c ia te d  w ith p ro te in , p robably  through a co v alen t
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a s s o c ia t io n .  Thus, a s  dem onstrated , c e l lu lo se -d e r iv e d  o lig o sa c c h a r id e s  
a re  unable  t o  a c t  a s  a ccep to rs  f o r  th e  x y lo s y 1 - tra n s fe ra s e . L i t t l e  
i s  understood  of th e  enzyme in te ra c t io n s  o ccu rrin g  once b io sy n th e s is  
has been i n i t i a t e d ,  but a model has re c e n tly  been proposed by Waldron 
and B re tt  (1985) which may help  to  ex p la in  how th e  enzymes in te r a c t  
in  th e  s y n th e s is  of h e te ro p o ly sacch a rid e s . This model, a lre a d y  
d esc rib ed  in  Chapter 1, i s  based on th e  deg rees of p re c is io n  w ith  which 
sy n th e s is  may proceed: "Im precise" sy n th e s is  would invo lve  enzymes 
s p e c if ic  enough to  d e fin e  re s id u e s  and lin k a g e s , but unable to  g ive  . 
f u r th e r  r e g u la r i ty  to  th e  p ro d u c t. Side chain s would be i r r e g u la r ly  
a tta c h e d  and of v a r ia b le  le n g th , and th e  backbone would be sy n th esized  
independen tly  o f th e  s id e  ch a in s . "P rec ise "  sy n th e s is  would invo lve 
sy n th e s is  of id e n t ic a l ,  re p e a tin g  su b -u n its  lin k ed  in  a p re c is e  manner 
bu t o f undefined number. The backbone of such a " p re c is e ly "  sy n th es ized  
. m olecule would be unable to  grow w ithout concom itant a d d it io n  o f s id e  
chain s and non -g lycosy l s u b s t i tu e n ts .  Xyloglucan b io sy n th e s is  by 
p a r t ic u la te  enzyme p re p a ra tio n s  from bean suspension  c u l tu re s  ap p ears  to  
proceed by an "im precise" mechanism, a s  xylose can be t r a n s f e r r e d  to  a 
preform ed glucan backbone fo llow ing  p re - in c u b a tio n  w ith  UDP-glucose, 
even though UDP-glucose i s  removed from th e  in cu b a tio n  medium. This 
a l s o  a p p lie s  to  th e  t r a n s f e r  of fucose from GDP-fucose which proceeds 
in  th e  absence from in cu b a tio n s  of UDP-glucose and UDP-xylose, su g g estin g  
i t  i s  added, along w ith UDP-galactose, to  a pre-form ed ch a in .
The in v e s t ig a t io n  o f xyloglucan b io sy n th e s is  d u ring  d i f f e r e n t i a t io n  
was of a p re lim in a ry  n a tu re  due to  th e  low number of experim ents perform ed.
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T his was due to  th e  un fo reseen  d i f f i c u l t i e s  in  b rin g in g  about in d u c tio n  
o f d i f f e r e n t i a t io n  and a ls o  to  th e  low le v e l  of enzyme a c t i v i t y  in  
c a l lu s e s .  I t  had been hoped to  in v e s t ig a te  f a c to r s  involved  in  th e  
c o n tro l of xyloglucan  b io sy n th e s is , such as  vary ing  hormonal reg im es.
I t  was a ls o  n o t p o ss ib le  to  c a rry  out id e n t i f ic a t io n  of th e  p ro d u c ts  
o f th e  c a l lu s  enzyme assay s  f o r  d i f f e r e n t ia te d  t i s s u e ,  due t o  th e  low 
le v e l s  o f r a d io a c t iv i ty  in c o rp o ra te d . Development o f  th e se  a sp e c ts  
would c le a r ly  have added to  t h i s  s tudy , and i t  i s  hoped th a t  t h i s  
work may be continued  to  develop th e  obvious p o te n t ia l  of t h i s  system .
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